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I. GATHER Statement 
This study complies with the Guidelines for Accurate and Transparent Health Estimates 
Reporting (GATHER) recommendations. We have documented the steps involved in our 
analytical procedures and detailed the data sources used in compliance with GATHER. For 
additional GATHER reporting, please refer to Methods Appendix Table 1 below. 
Methods Appendix Table 1: GATHER Checklist 
# GATHER checklist item Description of 
compliance 
Reference 
Objectives and funding 
1 Define the indicators, populations, and time periods for 
which estimates were made. 
Narrative provided in 




Main text (Methods— 
Overview, Geographic 
units and time 
periods) 
and methods appendix 




For all data inputs from multiple sources that are synthesized as part of the study: 
3 Describe how the data were identified and how the data 
were accessed.  
Narrative description 
of 
data seeking methods 
provided 
Main text (Methods) 
and methods appendix 




exclusion criteria by 
data type provided; 
Adhoc 
exclusions in cause 
specific write ups 
Main text (Methods) 
and methods appendix 
5 Provide information on all included data sources and 
their main characteristics. For each data source used, 
report reference information or contact 
name/institution, population represented, data 
collection method, year(s) of data collection, sex and age 
range, diagnostic criteria or measurement method, and 
sample size, as relevant.  
An interactive, online 
data source tool that 
provides metadata for 
data sources by 
component, 
geography, 
cause, risk, or 
impairment has been 
developed 
Online data citation 
tools 
6 Identify and describe any categories of input data that 
have potentially important biases (e.g., based on 
characteristics listed in item 5). 
Summary of known 
biases by cause 
included in methods 
appendix 
Methods appendix 
For data inputs that contribute to the analysis but were not synthesized as part of the study: 







For all data inputs: 
8 Provide all data inputs in a file format from which data 
can be efficiently extracted (e.g., a spreadsheet as 
opposed to a PDF), including all relevant meta-data 
listed in item 5. For any data inputs that cannot be 






data query tools, and 
the Global Health Data 
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shared due to ethical or legal reasons, such as third-
party ownership, provide a contact name or the name of 
the institution that retains the right to the data. 
tools, including data 
visualization tools and 
data query tools; input 
data not available in 
tools will be made 
available upon request 
Exchange 
Data analysis 
9 Provide a conceptual overview of the data analysis 
method. A diagram may be helpful.  
Flow diagrams of the 
overall methodological 
processes, as well as 
cause‐specific 
modelling 
processes, have been 
provided 




10 Provide a detailed description of all steps of the analysis, 
including mathematical formulae. This description 
should cover, as relevant, data cleaning, data pre-
processing, data adjustments and weighting of data 
sources, and mathematical or statistical model(s).  




for each cause, as well 
as the demographics 
and causes of death 
databases and 
modelling processes, 
have been provided 
Main text (Methods) 
and methods 
appendix 
11 Describe how candidate models were evaluated and how 
the final model(s) were selected. 
Appendix Methods appendix 
12 Provide the results of an evaluation of model 
performance, if done, as well as the results of any 
relevant sensitivity analysis. 
Appendix Methods appendix 
13 Describe methods for calculating uncertainty of the 
estimates. State which sources of uncertainty were, and 
were not, accounted for in the uncertainty analysis. 
Appendix Methods appendix 
14 State how analytic or statistical source code used to 
generate estimates can be accessed. 
Appendix Methods appendix 
Results and Discussion 
15 Provide published estimates in a file format from which 
data can be efficiently extracted. 





the Global Health Data 
Exchange, and the 
online data query tool 
Main text, 
supplementary results, 
and online data tools 
(data visualization 
tools, data query tools, 
and the Global Health 
Data Exchange) 
16 Report a quantitative measure of the uncertainty of the 
estimates (e.g. uncertainty intervals). 
Uncertainty intervals 
are provided with all 
results 
Main text, methods 
appendix, and online 
data tools (data 
visualization tools, 
data query tools, and 
the Global Health Data 
Exchange) 
17 Interpret results in light of existing evidence. If updating 
a previous set of estimates, describe the reasons for 




between GBD rounds 
Main text (Methods 
and Discussion) and 
methods appendix 
5
provided in the 
narrative 
of the Article and 
methods appendix 
18 Discuss limitations of the estimates. Include a discussion 
of any modelling assumptions or data limitations that 
affect interpretation of the estimates. 
Discussion of 
limitations 
provided in the 
narrative of the main 
paper, as well as in the 
methodological 
writeups 








II. Location units and time periods of the analysis 
Consistent with the design of the Global Burden of Disease Study 2016, we estimated alcohol 
consumption and current drinker prevalence from 1990-2016 for 195 locations, which have been 
arranged into a set of hierarchical categories composed of seven super-regions and a further 
nested set of 21 regions containing 195 countries and territories, (Table 2), both sexes, and five-
year age groups (age group 15-19 through age group 95+). We estimated alcohol-use attributable 
burden for the same 195 locations from 1990-2016, both sexes, and five-year age groups. 
Additionally, we calculated aggregate estimates by location and sociodemographic index (SDI). 
Location-level aggregates (regions, super regions, and global) are consistent with the previously 
published GBD location hierarchy. 
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Methods Appendix Table 2: Location hierarchy and SDI quintile
Super region Region Location SDI Quintile
Southeast Asia, East Asia, and Oceania East Asia China Middle SDI
Southeast Asia, East Asia, and Oceania East Asia North Korea Low-middle SDI
Southeast Asia, East Asia, and Oceania East Asia Taiwan High SDI
Southeast Asia, East Asia, and Oceania Southeast Asia Cambodia Low-middle SDI
Southeast Asia, East Asia, and Oceania Southeast Asia Indonesia Middle SDI
Southeast Asia, East Asia, and Oceania Southeast Asia Laos Low-middle SDI
Southeast Asia, East Asia, and Oceania Southeast Asia Malaysia High-middle SDI
Southeast Asia, East Asia, and Oceania Southeast Asia Maldives Middle SDI
Southeast Asia, East Asia, and Oceania Southeast Asia Myanmar Low-middle SDI
Southeast Asia, East Asia, and Oceania Southeast Asia Philippines Middle SDI
Southeast Asia, East Asia, and Oceania Southeast Asia Sri Lanka Middle SDI
Southeast Asia, East Asia, and Oceania Southeast Asia Thailand Middle SDI
Southeast Asia, East Asia, and Oceania Southeast Asia Timor-Leste Low-middle SDI
Southeast Asia, East Asia, and Oceania Southeast Asia Vietnam Middle SDI
Southeast Asia, East Asia, and Oceania Oceania Fiji Middle SDI
Southeast Asia, East Asia, and Oceania Oceania Kiribati Low SDI
Southeast Asia, East Asia, and Oceania Oceania Marshall Islands Low-middle SDI
Southeast Asia, East Asia, and Oceania Oceania Federated States of Micronesia Low-middle SDI
Southeast Asia, East Asia, and Oceania Oceania Papua New Guinea Low SDI
Southeast Asia, East Asia, and Oceania Oceania Samoa Low-middle SDI
Southeast Asia, East Asia, and Oceania Oceania Solomon Islands Low SDI
Southeast Asia, East Asia, and Oceania Oceania Tonga Low-middle SDI
Southeast Asia, East Asia, and Oceania Oceania Vanuatu Low-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Asia Armenia High-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Asia Azerbaijan High-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Asia Georgia High-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Asia Kazakhstan High-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Asia Kyrgyzstan Low-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Asia Mongolia Middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Asia Tajikistan Low-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Asia Turkmenistan High-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Asia Uzbekistan Middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Europe Albania Middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Europe Bosnia and Herzegovina Middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Europe Bulgaria High-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Europe Croatia High SDI
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Super region Region Location SDI Quintile
Central Europe, Eastern Europe, and 
Central Asia
Central Europe Czech Republic High SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Europe Hungary High-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Europe Macedonia High-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Europe Montenegro High-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Europe Poland High SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Europe Romania High-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Europe Serbia High-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Europe Slovakia High SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Europe Slovenia High SDI
Central Europe, Eastern Europe, and 
Central Asia
Eastern Europe Belarus High-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Eastern Europe Estonia High SDI
Central Europe, Eastern Europe, and 
Central Asia
Eastern Europe Latvia High SDI
Central Europe, Eastern Europe, and 
Central Asia
Eastern Europe Lithuania High SDI
Central Europe, Eastern Europe, and 
Central Asia
Eastern Europe Moldova Middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Eastern Europe Russia High-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Eastern Europe Ukraine High-middle SDI
High-income High-income Asia Pacific Brunei High SDI
High-income High-income Asia Pacific Japan High SDI
High-income High-income Asia Pacific South Korea High SDI
High-income High-income Asia Pacific Singapore High SDI
High-income Australasia Australia High SDI
High-income Australasia New Zealand High SDI
High-income Western Europe Andorra High SDI
High-income Western Europe Austria High SDI
High-income Western Europe Belgium High SDI
High-income Western Europe Cyprus High SDI
High-income Western Europe Denmark High SDI
High-income Western Europe Finland High SDI
High-income Western Europe France High SDI
High-income Western Europe Germany High SDI
High-income Western Europe Greece High SDI
High-income Western Europe Iceland High SDI
High-income Western Europe Ireland High SDI
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Super region Region Location SDI Quintile
High-income Western Europe Israel High-middle SDI
High-income Western Europe Italy High SDI
High-income Western Europe Luxembourg High SDI
High-income Western Europe Malta High SDI
High-income Western Europe Netherlands High SDI
High-income Western Europe Norway High SDI
High-income Western Europe Portugal High-middle SDI
High-income Western Europe Spain High-middle SDI
High-income Western Europe Sweden High SDI
High-income Western Europe Switzerland High SDI
High-income Western Europe United Kingdom High SDI
High-income Southern Latin America Argentina High-middle SDI
High-income Southern Latin America Chile High-middle SDI
High-income Southern Latin America Uruguay Middle SDI
High-income High-income North America Canada High SDI
High-income High-income North America United States High SDI
Latin America and Caribbean Caribbean Antigua and Barbuda High-middle SDI
Latin America and Caribbean Caribbean The Bahamas High-middle SDI
Latin America and Caribbean Caribbean Barbados High-middle SDI
Latin America and Caribbean Caribbean Belize Low-middle SDI
Latin America and Caribbean Caribbean Cuba High-middle SDI
Latin America and Caribbean Caribbean Dominica Middle SDI
Latin America and Caribbean Caribbean Dominican Republic Middle SDI
Latin America and Caribbean Caribbean Grenada Middle SDI
Latin America and Caribbean Caribbean Guyana Middle SDI
Latin America and Caribbean Caribbean Haiti Low SDI
Latin America and Caribbean Caribbean Jamaica Middle SDI
Latin America and Caribbean Caribbean Saint Lucia Middle SDI
Latin America and Caribbean Caribbean Saint Vincent and the Grenadines Middle SDI
Latin America and Caribbean Caribbean Suriname Middle SDI
Latin America and Caribbean Caribbean Trinidad and Tobago High-middle SDI
Latin America and Caribbean Andean Latin America Bolivia Low-middle SDI
Latin America and Caribbean Andean Latin America Ecuador Middle SDI
Latin America and Caribbean Andean Latin America Peru Middle SDI
Latin America and Caribbean Central Latin America Colombia Middle SDI
Latin America and Caribbean Central Latin America Costa Rica Middle SDI
Latin America and Caribbean Central Latin America El Salvador Middle SDI
Latin America and Caribbean Central Latin America Guatemala Low-middle SDI
Latin America and Caribbean Central Latin America Honduras Low-middle SDI
Latin America and Caribbean Central Latin America Mexico Middle SDI
Latin America and Caribbean Central Latin America Nicaragua Low-middle SDI
Latin America and Caribbean Central Latin America Panama High-middle SDI
Latin America and Caribbean Central Latin America Venezuela Middle SDI
Latin America and Caribbean Tropical Latin America Brazil Middle SDI
Latin America and Caribbean Tropical Latin America Paraguay Middle SDI
North Africa and Middle East North Africa and Middle East Algeria Middle SDI
North Africa and Middle East North Africa and Middle East Bahrain Middle SDI
North Africa and Middle East North Africa and Middle East Egypt Middle SDI
North Africa and Middle East North Africa and Middle East Iran High-middle SDI
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Super region Region Location SDI Quintile
North Africa and Middle East North Africa and Middle East Iraq Low-middle SDI
North Africa and Middle East North Africa and Middle East Jordan Middle SDI
North Africa and Middle East North Africa and Middle East Kuwait High-middle SDI
North Africa and Middle East North Africa and Middle East Lebanon High-middle SDI
North Africa and Middle East North Africa and Middle East Libya High-middle SDI
North Africa and Middle East North Africa and Middle East Morocco Low-middle SDI
North Africa and Middle East North Africa and Middle East Palestine Low SDI
North Africa and Middle East North Africa and Middle East Oman Middle SDI
North Africa and Middle East North Africa and Middle East Qatar High-middle SDI
North Africa and Middle East North Africa and Middle East Saudi Arabia High-middle SDI
North Africa and Middle East North Africa and Middle East Syria Low-middle SDI
North Africa and Middle East North Africa and Middle East Tunisia Middle SDI
North Africa and Middle East North Africa and Middle East Turkey High-middle SDI
North Africa and Middle East North Africa and Middle East United Arab Emirates High-middle SDI
North Africa and Middle East North Africa and Middle East Yemen Low SDI
North Africa and Middle East North Africa and Middle East Afghanistan Low SDI
South Asia South Asia Bangladesh Low-middle SDI
South Asia South Asia Bhutan Low-middle SDI
South Asia South Asia India Low-middle SDI
South Asia South Asia Nepal Low-middle SDI
South Asia South Asia Pakistan Low-middle SDI
Sub-Saharan Africa Central Sub-Saharan Africa Angola Low SDI
Sub-Saharan Africa Central Sub-Saharan Africa Central African Republic Low SDI
Sub-Saharan Africa Central Sub-Saharan Africa Congo Low-middle SDI
Sub-Saharan Africa Central Sub-Saharan Africa Democratic Republic of the Congo Low SDI
Sub-Saharan Africa Central Sub-Saharan Africa Equatorial Guinea Middle SDI
Sub-Saharan Africa Central Sub-Saharan Africa Gabon Low-middle SDI
Sub-Saharan Africa Eastern Sub-Saharan Africa Burundi Low SDI
Sub-Saharan Africa Eastern Sub-Saharan Africa Comoros Low SDI
Sub-Saharan Africa Eastern Sub-Saharan Africa Djibouti Low SDI
Sub-Saharan Africa Eastern Sub-Saharan Africa Eritrea Low SDI
Sub-Saharan Africa Eastern Sub-Saharan Africa Ethiopia Low SDI
Sub-Saharan Africa Eastern Sub-Saharan Africa Kenya Low-middle SDI
Sub-Saharan Africa Eastern Sub-Saharan Africa Madagascar Low SDI
Sub-Saharan Africa Eastern Sub-Saharan Africa Malawi Low SDI
Southeast Asia, East Asia, and Oceania Southeast Asia Mauritius High-middle SDI
Sub-Saharan Africa Eastern Sub-Saharan Africa Mozambique Low SDI
Sub-Saharan Africa Eastern Sub-Saharan Africa Rwanda Low SDI
Southeast Asia, East Asia, and Oceania Southeast Asia Seychelles Middle SDI
Sub-Saharan Africa Eastern Sub-Saharan Africa Somalia Low SDI
Sub-Saharan Africa Eastern Sub-Saharan Africa Tanzania Low SDI
Sub-Saharan Africa Eastern Sub-Saharan Africa Uganda Low SDI
Sub-Saharan Africa Eastern Sub-Saharan Africa Zambia Low-middle SDI
Sub-Saharan Africa Southern Sub-Saharan Africa Botswana Middle SDI
Sub-Saharan Africa Southern Sub-Saharan Africa Lesotho Low-middle SDI
Sub-Saharan Africa Southern Sub-Saharan Africa Namibia Low-middle SDI
Sub-Saharan Africa Southern Sub-Saharan Africa South Africa Middle SDI
Sub-Saharan Africa Southern Sub-Saharan Africa Swaziland Low-middle SDI
Sub-Saharan Africa Southern Sub-Saharan Africa Zimbabwe Low-middle SDI
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Super region Region Location SDI Quintile
Sub-Saharan Africa Western Sub-Saharan Africa Benin Low SDI
Sub-Saharan Africa Western Sub-Saharan Africa Burkina Faso Low SDI
Sub-Saharan Africa Western Sub-Saharan Africa Cameroon Low-middle SDI
Sub-Saharan Africa Western Sub-Saharan Africa Cape Verde Low-middle SDI
Sub-Saharan Africa Western Sub-Saharan Africa Chad Low SDI
Sub-Saharan Africa Western Sub-Saharan Africa Cote d'Ivoire Low SDI
Sub-Saharan Africa Western Sub-Saharan Africa The Gambia Low SDI
Sub-Saharan Africa Western Sub-Saharan Africa Ghana Low-middle SDI
Sub-Saharan Africa Western Sub-Saharan Africa Guinea Low SDI
Sub-Saharan Africa Western Sub-Saharan Africa Guinea-Bissau Low SDI
Sub-Saharan Africa Western Sub-Saharan Africa Liberia Low SDI
Sub-Saharan Africa Western Sub-Saharan Africa Mali Low SDI
Sub-Saharan Africa Western Sub-Saharan Africa Mauritania Low-middle SDI
Sub-Saharan Africa Western Sub-Saharan Africa Niger Low SDI
Sub-Saharan Africa Western Sub-Saharan Africa Nigeria Low-middle SDI
Sub-Saharan Africa Western Sub-Saharan Africa Sao Tome and Principe Low SDI
Sub-Saharan Africa Western Sub-Saharan Africa Senegal Low SDI
Sub-Saharan Africa Western Sub-Saharan Africa Sierra Leone Low SDI
Sub-Saharan Africa Western Sub-Saharan Africa Togo Low SDI
Southeast Asia, East Asia, and Oceania Oceania American Samoa Middle SDI
Latin America and Caribbean Caribbean Bermuda High-middle SDI
High-income High-income North America Greenland High-middle SDI
Southeast Asia, East Asia, and Oceania Oceania Guam High-middle SDI
Southeast Asia, East Asia, and Oceania Oceania Northern Mariana Islands High-middle SDI
Latin America and Caribbean Caribbean Puerto Rico High SDI
Latin America and Caribbean Caribbean Virgin Islands, U.S. High SDI
High-income Western Europe Scotland High SDI
Sub-Saharan Africa Eastern Sub-Saharan Africa South Sudan Low SDI
North Africa and Middle East North Africa and Middle East Sudan Low-middle SDI
Central Europe, Eastern Europe, and 
Central Asia
Central Asia Georgia High SDI
High-income Western Europe Wales High SDI
High-income Western Europe England High SDI
High-income Western Europe Sweden except Stockholm High SDI
High-income Western Europe Stockholm High SDI
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III. Age-standardisation 
We used the GBD population standard rates as our age-standardised rates. 1 
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IV. Data sources 
A systematic review of the literature was performed to extract data on our primary consumption 
indicators. The Global Health Exchange (GHDx), IHME’s online database of health-related data, 
and Pubmed were searched for population survey data containing participant-level information 
from which we could formulate the required alcohol use indicators on current drinkers, lifetime 
abstainers, and levels of alcohol consumption.2-3 We documented relevant survey variables from 
each data source in a spreadsheet and extracted using STATA 13.1 and R 3.3.  
To generate estimates of population consumption in liters per capita (LPC), we obtained data from 
FAOSTAT and the WHO GISAH database.4-5 We obtained data on the number of tourists and their 
duration of stay from the UNWTO.6 For unrecorded alcohol stock, we extracted estimates from 
published papers, consisting of 166 locations.7-12 A complete list of sources can be found in the 
GBD data source tool: http://ghdx.healthdata.org/gbd-2015/data-input-sources. 
We found studies used in our meta-analysis by searching Pubmed and the GHDx. The meta-
analysis below lists all included studies. 
For calculating attributable burden, we used estimates from GBD 2016 of deaths and DALYs for 
the 22 included outcomes. These estimates can be found in the GBD results tool: 
http://ghdx.healthdata.org/gbd-results-tool. 
 
a. Inclusion criteria 
We included nationally representative survey data sources that captured information on alcohol 
use among individuals age 15 and above. We included only self-reported drinking data and 
excluded data from questions asking about others’ drinking behaviors. We included data that was 
collected between 1 January 1990 and 31 December 2016 in any of the 195 locations included in 
this study. For population consumption estimation, we included nationally representative sales 
data on alcohol availability from sources covering multiple countries. Data were included if they 
were collected between 1 January 1990 and 31 December 2016 and covered one of the 195 
locations included in this study. 
 
For our meta-analysis, we included all cohort and case-control studies reporting a relative risk, 
hazard ratio, or odds ratio for any risk-outcome pairs we included. Studies were included if they 
reported a categorical or continuous dose for alcohol consumption, as well as uncertainty 
measures for their outcomes, and the population under study was representative.  
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V. Consumption estimation 
a. Definitions 
We used four indicators to construct alcohol-use consumption, defined as follows: 
1. Current drinkers, defined as the proportion of individuals who have consumed at least one 
alcoholic beverage (or some approximation) in a 12-month period. 
2. Lifetime abstainers, defined as the proportion of individuals who have never consumed an 
alcoholic beverage.  
3. Alcohol consumption (in grams per day), defined as grams of alcohol consumed by current 
drinkers, per day, over a 12-month period. 
4. Alcohol liters per capita stock, defined in liters per capita of pure alcohol, over a 12-month 
period. 
We also used three additional indicators to adjust alcohol exposure estimates to account for 
different types of bias: 
1. Number of tourists within a location, defined as the total amount of visitors to a location 
within a 12 month period. 
2. Tourists’ duration of stay, defined as the number of days resided in a hosting country. 
3. Unrecorded alcohol stock, defined as a percentage of the total alcohol stock produced 
outside established markets. 
We used these indicators, as outlined in the modeling strategy below, to calculate a consumption 
estimate defined as the grams per day of pure alcohol consumed amongst drinkers. 
b. Data extraction and preparation 
For data in the current drinkers, lifetime abstainers, and individual-level alcohol consumption 
models, we extracted primary data from individual-level microdata and survey report tabulations. 
For microdata, we extracted relevant demographic information, including age, sex, location, and 
year, as well as survey metadata, including survey weights, primary sampling units, and strata. 
This information allowed us to tabulate individual-level data in five-year age-sex groups and 
produce accurate estimates of uncertainty. For survey report tabulations, we extracted data at the 
most granular age-sex group provided.  
 
For data in the liters per capita mode, to provide more stable time trends in the population 
consumption model, we transformed FAO sales data (which calculates stock based on primary 
inputs) to a lagged 5-year average. Given the WHO uses FAO data in locations where the WHO 
could not find data using their own methods, we did not use FAO data in the locations where the 
WHO used FAO data to construct their estimate. To correct for bias in the underlying data 
generating processes between series, we adjusted the input data by running a mixed effect model 
on the log average of the data with dummy variables for the data series, as well as random effects 
on super region, region, country, and time. We adjusted the data points using the estimated 
parameters from the following equation: 
𝐿𝑜𝑔 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐷𝑎𝑡𝑎 =  𝛽଴ +  𝛽ଵ𝐷 +  𝛼௦ + 𝛼௥ +  𝛼௬  
𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑑 𝑑𝑎𝑡𝑎 =  𝑑𝑎𝑡𝑎 ∗  𝑒ఉభ෢ା ఈೞෞ   
15
Where D is a dummy variable for a data source,  𝛼௦ is a random effect for super-region, 𝛼௥ is a 
random effect for region, and 𝛼௬ is a random effect for year. 
None of the data sources on liters per capita provided estimates of uncertainty, which is a 
component required for our eventual modeling strategy. To generate uncertainty, we ran a Loess 
model on the adjusted data points and the standard deviation between the difference of the Loess 
smoothed model and the adjusted data points across a five-year span was used as the standard 
deviation of the data. (i.e. If the total stock changes more variably in a narrow time frame, we 
believed the data to be more uncertain). 
c. Modeling Strategy 
In the following paragraphs and shown in the flowchart on the next page (Methods Appendix 
Figure 1), we outline how we estimated each primary input in the alcohol exposure model, as well 
as how we combined these inputs to arrive at our final estimate of grams per day of pure alcohol. 
We estimated all models below using 1000 draws. For all steps, R and associated packages were 
used. 17-20   
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1. Population consumption in liters per capita
We modeled the alcohol liters per capita data, using a spatio-temporal Gaussian process 
regression (ST-GPR). The model is defined as: 
𝐴𝑙𝑐𝑜ℎ𝑜𝑙 𝐿𝑃𝐶 =  𝐺𝑃(𝑚௟,௬,௔,௦, 𝑐𝑜𝑣(𝐴𝑙𝑐𝑜ℎ𝑜𝑙 𝐿𝑃𝐶)) +  𝜖௟,௬,௔,௦  
𝑚௟,௬,௔,௦ = 𝛽଴ +  𝛽ଵ(% 𝑜𝑓 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑚𝑢𝑠𝑙𝑖𝑚)௟,௬ + 𝛽ଶ(𝑆𝐷𝐼)௟,௬ +  𝛼௦ +  𝛼௥ + ℎ(𝑟௟,௬)  
𝜖௟,௬,௔,௦ = 𝑁𝑜𝑟𝑚𝑎𝑙(0, 𝜎ଶ)  
Where l is a location, y is a year period, a is an age group, and s is a sex, 𝛼௦ is a random effect 
for super region,  𝛼௥ is a random effect for region, and SDI is a location’s socio-demographic 
index. M is the mean Gaussian process function for alcohol lpc, COV is the Matern covariance 
function of alcohol lpc in time and space, and h(rl,y) is a smoothing function of the residuals in 
time and space, derived from hyper-parameters for time and space. 
More details on the spatio-temporal Gaussian process regression and the definition of hyper-
parameters within the functions above can be found in the GBD 2016 appendix (pg 18-22). 1 
Briefly, the spatio-temporal Gaussian process regression interpolates non-linear trends through 
time, which is particularly useful for noisy data, and does not require assumptions of a functional 
form for the underlying data generating process.  
Hyper-parameters for the smoothing function and GPR were chosen by performing a grid search 
over the domains of hyper-parameter combinations. We chose the hyper-parameters and 
subsequent model, by minimizing the out-of-sample 10-fold cross-validated root mean squared 
error. Folds were chosen by holding out particular GBD regions. 
2. Tourism adjustment
 We adjusted the estimates for alcohol LPC for tourist consumption by adding in the per capita 
rate of consumption abroad and subtracting the per capita rate of tourist consumption 
domestically. These adjustments can be found in Methods Appendix Table 3.   
𝐴𝑙𝑐𝑜ℎ𝑜𝑙 𝐿𝑃𝐶ௗ = 𝑈𝑛𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐴𝑙𝑐𝑜ℎ𝑜𝑙 𝐿𝑃𝐶ௗ + 𝐴𝑙𝑐𝑜ℎ𝑜𝑙 𝐿𝑃𝐶 ஽௢௠௘௦௧௜௖ ௖௢௡௦௨௠௣௧௜௢௡ ௔௕௥௢௔ௗ −
𝐴𝑙𝑐𝑜ℎ𝑜𝑙 𝐿𝑃𝐶 ்௢௨௥௜௦௧ ௖௢௡௦௨௠௣௧௜௢௡ ௗ௢௠௘௦௧௜௖௔௟௟௬  
𝐴𝑙𝑐𝑜ℎ𝑜𝑙 𝐿𝑃𝐶 ௜ =
∑ ்௢௨௥௜௦௧ ௉௢௣௨௟௔௧௜௢௡ ೗ ∗ ௉௥௢௣௢௥௧௜௢௡ ௢௙ ௧௢௨௥௜௦௧௦ ೔,೗ ∗ ௎௡௔ௗ௝௨௦௧௘ௗ ஺௟௖௢௛௢௟ ௅௉஼ ೗ ∗ 
ಲೡ೐ೝೌ೒೐ ೗೐೙೒೟೓ ೚೑ ೞ೟ೌ೤ ೔,೗
యలఱ  ∗  ೗
௉௢௣௨௟௔௧௜௢௡ ೏
Where l is the set of all locations, d is the domestic location, and i is either domestic consumption 
abroad or tourist consumption domestically.  
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Location Year Mean 2.5 percentile 97.5 percentile
Afghanistan 1990 0% 0% 0%
Afghanistan 1995 0% 0% 0%
Afghanistan 2000 0% 0% 0%
Afghanistan 2005 0% 0% 0%
Afghanistan 2010 0% 0% 0%
Afghanistan 2016 0% 0% 0%
Albania 1990 -0.49% -3.90% 1.33%
Albania 1995 -0.11% -2.92% 1.47%
Albania 2000 -0.83% -4.12% 0.67%
Albania 2005 -0.04% -1.67% 0.96%
Albania 2010 -0.60% -3.16% 0.51%
Albania 2016 -0.47% -2.56% 0.57%
Algeria 1990 -0.97% -1.42% -0.52%
Algeria 1995 -1.03% -1.58% -0.53%
Algeria 2000 -0.93% -1.39% -0.50%
Algeria 2005 -0.79% -1.21% -0.41%
Algeria 2010 -0.76% -1.18% -0.39%
Algeria 2016 -0.79% -1.33% -0.38%
American Samoa 1990 -3.12% -6.79% -0.40%
American Samoa 1995 -2.80% -7.28% 0.92%
American Samoa 2000 -2.76% -6.82% 0.48%
American Samoa 2005 -2.96% -7.25% 0.22%
American Samoa 2010 -2.64% -6.36% 0.77%
American Samoa 2016 -2.68% -5.85% -0.34%
Andorra 1990 -75.08% -84.98% -61.90%
Andorra 1995 -74.36% -84.33% -61.62%
Andorra 2000 -75.05% -83.80% -63.34%
Andorra 2005 -77.24% -84.54% -67.66%
Andorra 2010 -79.30% -86.50% -69.68%
Andorra 2016 -80.11% -87.76% -70.03%
Angola 1990 -0.03% -0.18% 0.03%
Angola 1995 -0.03% -0.18% 0.03%
Angola 2000 -0.02% -0.15% 0.03%
Angola 2005 -0.01% -0.08% 0.02%
Angola 2010 -0.01% -0.08% 0.02%
Angola 2016 -0.01% -0.06% 0.01%
Antigua and Barbuda 1990 -69.28% -94.59% -46.98%
Antigua and Barbuda 1995 -59.31% -84.05% -38.72%
Antigua and Barbuda 2000 -48.71% -68.17% -31.70%
Antigua and Barbuda 2005 -41.78% -57.89% -27.26%
Antigua and Barbuda 2010 -38.97% -55.37% -25.03%
Antigua and Barbuda 2016 -38.35% -56.43% -23.04%
Argentina 1990 0.35% 0.20% 0.53%
Argentina 1995 0.41% 0.23% 0.65%
Argentina 2000 0.47% 0.25% 0.76%
Argentina 2005 0.52% 0.28% 0.82%
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Location Year Mean 2.5 percentile 97.5 percentile
Argentina 2010 0.52% 0.27% 0.85%
Argentina 2016 0.52% 0.26% 0.86%
Armenia 1990 1.35% 0.14% 6.12%
Armenia 1995 1.39% 0.12% 6.40%
Armenia 2000 1.46% 0.09% 6.76%
Armenia 2005 1.36% 0.10% 6.29%
Armenia 2010 1.32% 0.10% 6.10%
Armenia 2016 1.21% 0.12% 5.55%
Australia 1990 1.02% 0.59% 1.75%
Australia 1995 1.14% 0.66% 1.99%
Australia 2000 1.24% 0.67% 2.29%
Australia 2005 1.23% 0.67% 2.22%
Australia 2010 1.17% 0.65% 2.15%
Australia 2016 1.15% 0.62% 2.07%
Austria 1990 3.72% 2.56% 5.00%
Austria 1995 3.85% 2.09% 5.66%
Austria 2000 4.01% 2.45% 5.84%
Austria 2005 4.15% 2.41% 6.07%
Austria 2010 4.33% 2.54% 6.80%
Austria 2016 4.36% 2.63% 6.26%
Azerbaijan 1990 0.84% 0.11% 3.03%
Azerbaijan 1995 0.80% 0.11% 2.93%
Azerbaijan 2000 0.76% 0.10% 2.88%
Azerbaijan 2005 0.72% 0.09% 2.77%
Azerbaijan 2010 0.64% 0.08% 2.31%
Azerbaijan 2016 0.65% 0.09% 2.36%
Bahrain 1990 -5.37% -8.90% -2.20%
Bahrain 1995 -6.10% -10.38% -2.32%
Bahrain 2000 -7.48% -13.39% -2.54%
Bahrain 2005 -8.40% -14.32% -3.16%
Bahrain 2010 -9.52% -16.45% -3.65%
Bahrain 2016 -10.02% -19.42% -3.70%
Bangladesh 1990 -0.21% -0.31% -0.07%
Bangladesh 1995 -0.17% -0.26% -0.05%
Bangladesh 2000 -0.13% -0.20% -0.04%
Bangladesh 2005 -0.11% -0.17% -0.04%
Bangladesh 2010 -0.11% -0.17% -0.03%
Bangladesh 2016 -0.10% -0.17% -0.03%
Barbados 1990 -10.39% -12.82% -7.72%
Barbados 1995 -11.55% -14.82% -8.34%
Barbados 2000 -12.19% -15.86% -8.52%
Barbados 2005 -11.83% -15.01% -8.65%
Barbados 2010 -11.60% -15.23% -8.39%
Barbados 2016 -11.17% -14.74% -7.81%
Belarus 1990 1.04% 0.57% 1.91%
Belarus 1995 1.06% 0.54% 2.03%
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Location Year Mean 2.5 percentile 97.5 percentile
Belarus 2000 1.03% 0.51% 1.92%
Belarus 2005 0.99% 0.50% 1.87%
Belarus 2010 0.95% 0.49% 1.78%
Belarus 2016 0.91% 0.49% 1.66%
Belgium 1990 6.25% 3.95% 9.37%
Belgium 1995 6.64% 3.92% 10.32%
Belgium 2000 6.76% 3.92% 10.89%
Belgium 2005 6.01% 3.56% 9.27%
Belgium 2010 5.62% 3.33% 9.21%
Belgium 2016 5.71% 3.23% 9.22%
Belize 1990 -10.79% -18.22% -2.94%
Belize 1995 -11.40% -19.73% -3.13%
Belize 2000 -11.58% -19.40% -3.01%
Belize 2005 -10.29% -17.62% -2.70%
Belize 2010 -9.45% -16.44% -2.44%
Belize 2016 -8.76% -15.41% -2.34%
Benin 1990 -0.85% -1.59% -0.33%
Benin 1995 -0.86% -1.67% -0.30%
Benin 2000 -0.80% -1.56% -0.29%
Benin 2005 -0.79% -1.56% -0.29%
Benin 2010 -0.79% -1.59% -0.29%
Benin 2016 -0.78% -1.70% -0.25%
Bermuda 1990 -12.00% -16.03% -3.70%
Bermuda 1995 -11.31% -15.61% -3.22%
Bermuda 2000 -11.43% -15.24% -3.43%
Bermuda 2005 -12.24% -16.53% -3.38%
Bermuda 2010 -13.74% -18.68% -3.57%
Bermuda 2016 -15.15% -20.81% -4.67%
Bhutan 1990 -0.50% -1.38% -0.05%
Bhutan 1995 -0.42% -1.21% -0.02%
Bhutan 2000 -0.46% -1.46% -0.01%
Bhutan 2005 -0.65% -2.06% -0.03%
Bhutan 2010 -0.75% -2.40% -0.05%
Bhutan 2016 -0.73% -2.40% -0.05%
Bolivia 1990 -0.14% -0.25% 0.29%
Bolivia 1995 -0.16% -0.29% 0.32%
Bolivia 2000 -0.16% -0.29% 0.31%
Bolivia 2005 -0.16% -0.28% 0.32%
Bolivia 2010 -0.15% -0.27% 0.34%
Bolivia 2016 -0.14% -0.25% 0.28%
Bosnia and Herzegovina 1990 1.85% 1.23% 2.62%
Bosnia and Herzegovina 1995 1.93% 1.25% 2.69%
Bosnia and Herzegovina 2000 1.86% 1.26% 2.62%
Bosnia and Herzegovina 2005 1.82% 1.22% 2.56%
Bosnia and Herzegovina 2010 1.75% 1.12% 2.61%
Bosnia and Herzegovina 2016 1.74% 1.12% 2.56%
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Location Year Mean 2.5 percentile 97.5 percentile
Botswana 1990 -1.68% -3.93% -0.65%
Botswana 1995 -1.61% -4.10% -0.51%
Botswana 2000 -1.49% -4.00% -0.45%
Botswana 2005 -1.23% -3.21% -0.40%
Botswana 2010 -1.12% -2.95% -0.34%
Botswana 2016 -1.18% -2.93% -0.38%
Brazil 1990 0.05% -0.03% 0.18%
Brazil 1995 0.05% -0.03% 0.16%
Brazil 2000 0.04% -0.02% 0.14%
Brazil 2005 0.04% -0.02% 0.13%
Brazil 2010 0.04% -0.02% 0.14%
Brazil 2016 0.04% -0.02% 0.14%
Brunei 1990 -19.07% -25.40% -13.79%
Brunei 1995 -32.59% -46.08% -21.16%
Brunei 2000 -59.82% -85.71% -38.66%
Brunei 2005 -66.73% -93.58% -45.01%
Brunei 2010 -69.24% -97.21% -46.16%
Brunei 2016 -66.22% -93.00% -42.99%
Bulgaria 1990 -0.30% -0.46% -0.08%
Bulgaria 1995 -0.33% -0.57% -0.02%
Bulgaria 2000 -0.49% -0.76% -0.12%
Bulgaria 2005 -0.38% -0.68% -0.03%
Bulgaria 2010 -0.49% -0.80% -0.15%
Bulgaria 2016 -0.42% -0.65% -0.14%
Burkina Faso 1990 0% 0% 0%
Burkina Faso 1995 0% 0% 0%
Burkina Faso 2000 0% 0% 0%
Burkina Faso 2005 0% 0% 0%
Burkina Faso 2010 0% 0% 0%
Burkina Faso 2016 0% 0% 0%
Burundi 1990 0% 0% 0%
Burundi 1995 0% 0% 0%
Burundi 2000 0% 0% 0%
Burundi 2005 0% 0% 0%
Burundi 2010 0% 0% 0%
Burundi 2016 0% 0% 0%
Cambodia 1990 -1.63% -3.35% -0.42%
Cambodia 1995 -0.92% -1.95% -0.20%
Cambodia 2000 -0.48% -1.08% -0.11%
Cambodia 2005 -0.39% -0.91% -0.08%
Cambodia 2010 -0.34% -0.75% -0.07%
Cambodia 2016 -0.34% -0.80% -0.08%
Cameroon 1990 -0.10% -0.14% -0.07%
Cameroon 1995 -0.12% -0.18% -0.06%
Cameroon 2000 -0.11% -0.17% -0.07%
Cameroon 2005 -0.10% -0.15% -0.05%
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Location Year Mean 2.5 percentile 97.5 percentile
Cameroon 2010 -0.09% -0.14% -0.05%
Cameroon 2016 -0.09% -0.17% -0.05%
Canada 1990 -0.95% -3.88% 3.36%
Canada 1995 -1.03% -4.62% 3.61%
Canada 2000 -0.93% -4.55% 3.52%
Canada 2005 -0.98% -4.26% 3.59%
Canada 2010 -0.98% -4.33% 3.45%
Canada 2016 -1.02% -4.17% 3.34%
Cape Verde 1990 0% 0% 0%
Cape Verde 1995 0% 0% 0%
Cape Verde 2000 0% 0% 0%
Cape Verde 2005 0% 0% 0%
Cape Verde 2010 0% 0% 0%
Cape Verde 2016 0% 0% 0%
Central African Republic 1990 -0.02% -0.04% -0.01%
Central African Republic 1995 -0.02% -0.06% -0.01%
Central African Republic 2000 -0.03% -0.06% -0.01%
Central African Republic 2005 -0.03% -0.07% -0.01%
Central African Republic 2010 -0.03% -0.07% -0.01%
Central African Republic 2016 -0.03% -0.07% -0.01%
Chad 1990 -0.09% -0.12% -0.06%
Chad 1995 -0.09% -0.15% -0.05%
Chad 2000 -0.08% -0.12% -0.05%
Chad 2005 -0.08% -0.12% -0.04%
Chad 2010 -0.07% -0.11% -0.04%
Chad 2016 -0.08% -0.12% -0.05%
Chile 1990 -0.09% -0.26% 0.09%
Chile 1995 -0.11% -0.37% 0.14%
Chile 2000 -0.13% -0.49% 0.15%
Chile 2005 -0.12% -0.41% 0.15%
Chile 2010 -0.11% -0.38% 0.12%
Chile 2016 -0.10% -0.29% 0.06%
China 1990 0.05% 0.00% 0.23%
China 1995 0.05% 0.00% 0.20%
China 2000 0.04% 0% 0.18%
China 2005 0.04% 0.00% 0.19%
China 2010 0.03% 0% 0.18%
China 2016 0.03% 0.00% 0.17%
Colombia 1990 -0.03% -0.10% 0.03%
Colombia 1995 -0.03% -0.11% 0.05%
Colombia 2000 -0.02% -0.11% 0.05%
Colombia 2005 -0.03% -0.11% 0.05%
Colombia 2010 -0.03% -0.12% 0.05%
Colombia 2016 -0.03% -0.10% 0.03%
Comoros 1990 -3.58% -6.49% -2.09%
Comoros 1995 -4.29% -7.56% -2.41%
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Location Year Mean 2.5 percentile 97.5 percentile
Comoros 2000 -4.20% -7.53% -2.14%
Comoros 2005 -3.65% -6.42% -1.92%
Comoros 2010 -3.38% -6.31% -1.72%
Comoros 2016 -3.13% -6.55% -1.33%
Congo 1990 -0.14% -0.25% -0.03%
Congo 1995 -0.19% -0.42% -0.03%
Congo 2000 -0.19% -0.38% -0.03%
Congo 2005 -0.20% -0.40% -0.02%
Congo 2010 -0.17% -0.36% -0.01%
Congo 2016 -0.16% -0.31% -0.04%
Costa Rica 1990 -1.21% -1.92% -0.35%
Costa Rica 1995 -1.18% -1.91% -0.33%
Costa Rica 2000 -1.25% -2.03% -0.36%
Costa Rica 2005 -1.33% -2.20% -0.38%
Costa Rica 2010 -1.35% -2.29% -0.39%
Costa Rica 2016 -1.32% -2.25% -0.37%
Cote d'Ivoire 1990 -0.04% -0.10% -0.01%
Cote d'Ivoire 1995 -0.03% -0.09% 0.00%
Cote d'Ivoire 2000 -0.03% -0.08% 0.00%
Cote d'Ivoire 2005 -0.03% -0.09% 0%
Cote d'Ivoire 2010 -0.03% -0.10% 0.00%
Cote d'Ivoire 2016 -0.04% -0.11% -0.01%
Croatia 1990 -17.79% -26.24% -5.98%
Croatia 1995 -17.72% -26.67% -5.84%
Croatia 2000 -16.78% -25.13% -5.41%
Croatia 2005 -17.64% -27.23% -5.37%
Croatia 2010 -19.39% -29.52% -6.11%
Croatia 2016 -20.63% -31.17% -7.03%
Cuba 1990 -0.88% -1.19% -0.54%
Cuba 1995 -0.91% -1.26% -0.56%
Cuba 2000 -0.91% -1.25% -0.55%
Cuba 2005 -0.85% -1.15% -0.52%
Cuba 2010 -0.81% -1.11% -0.48%
Cuba 2016 -0.76% -1.13% -0.42%
Cyprus 1990 -5.54% -7.59% -3.89%
Cyprus 1995 -5.33% -7.95% -3.40%
Cyprus 2000 -5.39% -8.29% -3.27%
Cyprus 2005 -5.61% -8.15% -3.32%
Cyprus 2010 -6.11% -9.27% -3.69%
Cyprus 2016 -6.12% -8.70% -4.10%
Czech Republic 1990 -0.50% -2.57% 0.67%
Czech Republic 1995 -0.54% -3.06% 0.85%
Czech Republic 2000 -0.27% -2.79% 0.97%
Czech Republic 2005 -0.53% -2.88% 0.88%
Czech Republic 2010 -0.32% -2.84% 1.05%
Czech Republic 2016 -0.44% -2.25% 0.74%
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Location Year Mean 2.5 percentile 97.5 percentile
Democratic Republic of the Congo 1990 0.00% -0.01% 0.01%
Democratic Republic of the Congo 1995 0.00% -0.02% 0.02%
Democratic Republic of the Congo 2000 0% -0.02% 0.02%
Democratic Republic of the Congo 2005 0.00% -0.02% 0.02%
Democratic Republic of the Congo 2010 0.00% -0.02% 0.02%
Democratic Republic of the Congo 2016 0.00% -0.01% 0.01%
Denmark 1990 -1.92% -3.10% -0.39%
Denmark 1995 -1.89% -3.57% 0.01%
Denmark 2000 -1.72% -3.44% 0.22%
Denmark 2005 -1.81% -3.36% -0.15%
Denmark 2010 -1.80% -3.58% 0.07%
Denmark 2016 -2.00% -3.54% -0.61%
Djibouti 1990 0% 0% 0%
Djibouti 1995 0% 0% 0%
Djibouti 2000 0% 0% 0%
Djibouti 2005 0% 0% 0%
Djibouti 2010 0% 0% 0%
Djibouti 2016 0% 0% 0%
Dominica 1990 -7.84% -11.30% -3.41%
Dominica 1995 -8.15% -12.47% -3.36%
Dominica 2000 -8.73% -13.25% -3.62%
Dominica 2005 -9.37% -14.80% -3.92%
Dominica 2010 -9.09% -13.98% -3.85%
Dominica 2016 -8.84% -14.30% -3.87%
Dominican Republic 1990 -2.26% -3.03% -1.21%
Dominican Republic 1995 -1.97% -2.64% -1.06%
Dominican Republic 2000 -1.79% -2.37% -0.95%
Dominican Republic 2005 -1.78% -2.40% -0.94%
Dominican Republic 2010 -1.77% -2.40% -0.93%
Dominican Republic 2016 -1.74% -2.52% -0.92%
Ecuador 1990 -0.18% -0.25% -0.07%
Ecuador 1995 -0.16% -0.24% -0.07%
Ecuador 2000 -0.13% -0.19% -0.05%
Ecuador 2005 -0.11% -0.17% -0.05%
Ecuador 2010 -0.11% -0.17% -0.05%
Ecuador 2016 -0.11% -0.17% -0.04%
Egypt 1990 -3.82% -5.87% -1.77%
Egypt 1995 -3.82% -6.18% -1.68%
Egypt 2000 -3.92% -6.26% -1.66%
Egypt 2005 -3.81% -6.24% -1.66%
Egypt 2010 -3.85% -6.28% -1.65%
Egypt 2016 -3.92% -7.48% -1.56%
El Salvador 1990 -0.52% -1.02% -0.23%
El Salvador 1995 -0.51% -1.01% -0.20%
El Salvador 2000 -0.45% -0.87% -0.18%
El Salvador 2005 -0.40% -0.79% -0.15%
25
Percent change in alcohol consumption due to tourism, by location and 5-year interval
Location Year Mean 2.5 percentile 97.5 percentile
El Salvador 2010 -0.38% -0.74% -0.14%
El Salvador 2016 -0.37% -0.73% -0.15%
Equatorial Guinea 1990 0% 0% 0%
Equatorial Guinea 1995 0% 0% 0%
Equatorial Guinea 2000 0% 0% 0%
Equatorial Guinea 2005 0% 0% 0%
Equatorial Guinea 2010 0% 0% 0%
Equatorial Guinea 2016 0% 0% 0%
Eritrea 1990 -0.37% -0.69% -0.16%
Eritrea 1995 -0.27% -0.51% -0.11%
Eritrea 2000 -0.25% -0.47% -0.10%
Eritrea 2005 -0.30% -0.56% -0.13%
Eritrea 2010 -0.36% -0.70% -0.14%
Eritrea 2016 -0.33% -0.64% -0.12%
Estonia 1990 -2.43% -5.53% 2.01%
Estonia 1995 -2.11% -5.49% 2.40%
Estonia 2000 -1.73% -4.14% 1.39%
Estonia 2005 -1.23% -2.92% 1.41%
Estonia 2010 -1.10% -2.81% 1.20%
Estonia 2016 -1.13% -2.47% 0.91%
Ethiopia 1990 -0.02% -0.04% 0.00%
Ethiopia 1995 -0.02% -0.04% 0.00%
Ethiopia 2000 -0.02% -0.04% 0%
Ethiopia 2005 -0.01% -0.04% 0%
Ethiopia 2010 -0.02% -0.04% 0.00%
Ethiopia 2016 -0.02% -0.04% 0.00%
Federated States of Micronesia 1990 -1.95% -4.13% -0.55%
Federated States of Micronesia 1995 -1.86% -3.88% -0.50%
Federated States of Micronesia 2000 -1.99% -3.90% -0.58%
Federated States of Micronesia 2005 -2.26% -4.51% -0.66%
Federated States of Micronesia 2010 -2.51% -5.14% -0.72%
Federated States of Micronesia 2016 -2.57% -5.51% -0.73%
Fiji 1990 -8.31% -11.15% -6.61%
Fiji 1995 -8.45% -11.62% -6.60%
Fiji 2000 -8.51% -11.78% -6.54%
Fiji 2005 -7.92% -10.98% -6.20%
Fiji 2010 -6.97% -9.87% -5.25%
Fiji 2016 -6.43% -9.84% -4.29%
Finland 1990 3.22% 2.38% 4.03%
Finland 1995 3.16% 2.26% 4.21%
Finland 2000 3.13% 2.23% 4.09%
Finland 2005 2.92% 2.07% 3.85%
Finland 2010 2.99% 2.11% 3.92%
Finland 2016 3.25% 2.26% 4.34%
France 1990 -2.78% -3.52% -2.11%
France 1995 -3.11% -4.01% -2.33%
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France 2000 -3.47% -4.51% -2.48%
France 2005 -3.67% -4.78% -2.66%
France 2010 -4.03% -5.27% -2.95%
France 2016 -4.14% -5.67% -2.93%
Gabon 1990 0% 0% 0%
Gabon 1995 0% 0% 0%
Gabon 2000 0% 0% 0%
Gabon 2005 0% 0% 0%
Gabon 2010 0% 0% 0%
Gabon 2016 0% 0% 0%
Georgia 1990 0.20% -0.39% 0.71%
Georgia 1995 0.21% -0.50% 0.77%
Georgia 2000 0.26% -0.54% 0.85%
Georgia 2005 0.23% -0.51% 0.76%
Georgia 2010 0.20% -0.44% 0.67%
Georgia 2016 0.18% -0.25% 0.61%
Germany 1990 4.38% 3.31% 5.48%
Germany 1995 4.63% 3.42% 5.93%
Germany 2000 4.93% 3.57% 6.28%
Germany 2005 5.11% 3.64% 6.60%
Germany 2010 5.39% 3.90% 7.14%
Germany 2016 5.68% 3.99% 7.88%
Ghana 1990 -0.15% -0.22% -0.09%
Ghana 1995 -0.16% -0.24% -0.09%
Ghana 2000 -0.18% -0.26% -0.10%
Ghana 2005 -0.17% -0.27% -0.09%
Ghana 2010 -0.15% -0.22% -0.08%
Ghana 2016 -0.13% -0.23% -0.06%
Greece 1990 -1.97% -2.91% -1.28%
Greece 1995 -2.12% -3.24% -1.36%
Greece 2000 -2.21% -3.37% -1.40%
Greece 2005 -2.30% -3.69% -1.41%
Greece 2010 -2.26% -3.59% -1.40%
Greece 2016 -2.35% -3.75% -1.35%
Greenland 1990 0% 0% 0%
Greenland 1995 0% 0% 0%
Greenland 2000 0% 0% 0%
Greenland 2005 0% 0% 0%
Greenland 2010 0% 0% 0%
Greenland 2016 0% 0% 0%
Grenada 1990 -8.65% -12.63% -6.34%
Grenada 1995 -8.59% -13.26% -5.92%
Grenada 2000 -9.10% -13.74% -6.19%
Grenada 2005 -9.46% -14.54% -6.17%
Grenada 2010 -10.00% -15.40% -6.54%
Grenada 2016 -9.85% -14.95% -6.58%
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Guam 1990 -34.93% -60.41% -17.62%
Guam 1995 -34.44% -61.83% -16.97%
Guam 2000 -34.15% -61.38% -17.41%
Guam 2005 -34.07% -62.77% -17.33%
Guam 2010 -33.57% -61.27% -16.60%
Guam 2016 -32.81% -59.11% -15.80%
Guatemala 1990 -0.25% -0.42% -0.05%
Guatemala 1995 -0.29% -0.50% -0.05%
Guatemala 2000 -0.33% -0.56% -0.07%
Guatemala 2005 -0.34% -0.57% -0.07%
Guatemala 2010 -0.33% -0.58% -0.07%
Guatemala 2016 -0.31% -0.54% -0.07%
Guinea 1990 -0.10% -0.17% -0.06%
Guinea 1995 -0.09% -0.17% -0.05%
Guinea 2000 -0.11% -0.18% -0.05%
Guinea 2005 -0.12% -0.21% -0.05%
Guinea 2010 -0.12% -0.22% -0.06%
Guinea 2016 -0.12% -0.20% -0.06%
Guinea-Bissau 1990 -0.06% -0.10% -0.03%
Guinea-Bissau 1995 -0.06% -0.13% -0.02%
Guinea-Bissau 2000 -0.07% -0.13% -0.02%
Guinea-Bissau 2005 -0.07% -0.13% -0.02%
Guinea-Bissau 2010 -0.07% -0.13% -0.02%
Guinea-Bissau 2016 -0.07% -0.14% -0.03%
Guyana 1990 -0.04% -0.31% 0.31%
Guyana 1995 -0.03% -0.31% 0.30%
Guyana 2000 -0.03% -0.32% 0.32%
Guyana 2005 -0.05% -0.42% 0.40%
Guyana 2010 -0.06% -0.49% 0.45%
Guyana 2016 -0.06% -0.47% 0.44%
Haiti 1990 -0.35% -0.61% -0.13%
Haiti 1995 -0.36% -0.66% -0.13%
Haiti 2000 -0.36% -0.65% -0.13%
Haiti 2005 -0.36% -0.66% -0.13%
Haiti 2010 -0.34% -0.62% -0.12%
Haiti 2016 -0.33% -0.61% -0.11%
Honduras 1990 -0.78% -1.56% -0.18%
Honduras 1995 -0.73% -1.47% -0.17%
Honduras 2000 -0.65% -1.30% -0.15%
Honduras 2005 -0.59% -1.24% -0.13%
Honduras 2010 -0.59% -1.23% -0.15%
Honduras 2016 -0.58% -1.20% -0.14%
Hungary 1990 -5.45% -7.38% -3.40%
Hungary 1995 -5.89% -8.10% -3.57%
Hungary 2000 -6.23% -8.59% -3.77%
Hungary 2005 -6.20% -8.47% -3.82%
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Hungary 2010 -7.12% -9.93% -4.27%
Hungary 2016 -7.72% -11.27% -4.51%
Iceland 1990 -0.71% -4.33% 2.71%
Iceland 1995 -0.70% -4.80% 3.12%
Iceland 2000 -0.76% -4.48% 3.00%
Iceland 2005 -0.60% -3.96% 2.51%
Iceland 2010 -0.64% -4.05% 2.11%
Iceland 2016 -0.50% -3.06% 1.94%
India 1990 -0.01% -0.01% 0.01%
India 1995 -0.01% -0.01% 0.01%
India 2000 0.00% -0.01% 0.01%
India 2005 0.00% -0.01% 0.01%
India 2010 0.00% -0.01% 0.01%
India 2016 0.00% -0.01% 0.01%
Indonesia 1990 -0.86% -1.23% -0.64%
Indonesia 1995 -0.80% -1.16% -0.59%
Indonesia 2000 -0.74% -1.07% -0.55%
Indonesia 2005 -0.71% -1.04% -0.52%
Indonesia 2010 -0.68% -0.99% -0.50%
Indonesia 2016 -0.61% -0.92% -0.42%
Iran 1990 -24.61% -57.62% -8.32%
Iran 1995 -19.02% -44.29% -6.37%
Iran 2000 -16.58% -36.04% -5.79%
Iran 2005 -14.29% -28.91% -5.27%
Iran 2010 -12.82% -26.04% -4.81%
Iran 2016 -13.01% -26.37% -4.82%
Iraq 1990 0.03% -0.02% 0.10%
Iraq 1995 0.05% -0.03% 0.15%
Iraq 2000 0.07% -0.06% 0.21%
Iraq 2005 0.08% -0.07% 0.26%
Iraq 2010 0.09% -0.06% 0.30%
Iraq 2016 0.07% -0.06% 0.24%
Ireland 1990 2.52% -0.16% 5.53%
Ireland 1995 2.17% -0.44% 5.26%
Ireland 2000 1.84% -0.45% 4.40%
Ireland 2005 1.74% -0.30% 4.16%
Ireland 2010 1.85% -0.42% 4.53%
Ireland 2016 1.97% -0.22% 4.59%
Israel 1990 1.51% -1.71% 5.42%
Israel 1995 1.63% -2.08% 6.05%
Israel 2000 1.52% -1.92% 5.38%
Israel 2005 1.28% -1.67% 4.86%
Israel 2010 1.25% -1.47% 4.60%
Israel 2016 1.14% -1.34% 4.19%
Italy 1990 -0.66% -1.39% 0.56%
Italy 1995 -0.73% -1.62% 0.78%
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Italy 2000 -0.86% -1.88% 0.86%
Italy 2005 -0.98% -2.16% 0.95%
Italy 2010 -1.03% -2.21% 1.06%
Italy 2016 -1.08% -2.39% 0.88%
Jamaica 1990 -6.32% -8.92% -2.97%
Jamaica 1995 -6.67% -9.67% -3.16%
Jamaica 2000 -7.06% -10.12% -3.38%
Jamaica 2005 -6.72% -9.63% -3.12%
Jamaica 2010 -6.10% -8.93% -2.81%
Jamaica 2016 -5.75% -8.94% -2.51%
Japan 1990 0.61% 0.33% 0.95%
Japan 1995 0.60% 0.32% 0.96%
Japan 2000 0.62% 0.34% 0.97%
Japan 2005 0.66% 0.35% 1.05%
Japan 2010 0.68% 0.36% 1.07%
Japan 2016 0.68% 0.36% 1.13%
Jordan 1990 -18.92% -26.67% -12.52%
Jordan 1995 -19.11% -28.11% -12.33%
Jordan 2000 -13.19% -19.46% -8.58%
Jordan 2005 -9.86% -14.30% -6.37%
Jordan 2010 -9.61% -14% -6.02%
Jordan 2016 -9.95% -16.87% -5.56%
Kazakhstan 1990 0.18% -0.08% 0.52%
Kazakhstan 1995 0.20% -0.10% 0.60%
Kazakhstan 2000 0.19% -0.09% 0.59%
Kazakhstan 2005 0.17% -0.11% 0.58%
Kazakhstan 2010 0.19% -0.12% 0.57%
Kazakhstan 2016 0.17% -0.08% 0.50%
Kenya 1990 -0.19% -0.22% -0.15%
Kenya 1995 -0.21% -0.26% -0.16%
Kenya 2000 -0.23% -0.29% -0.17%
Kenya 2005 -0.24% -0.31% -0.18%
Kenya 2010 -0.24% -0.32% -0.18%
Kenya 2016 -0.23% -0.35% -0.14%
Kiribati 1990 -5.61% -8.78% -2.82%
Kiribati 1995 -5.53% -10.40% -2.53%
Kiribati 2000 -5.48% -9.22% -2.42%
Kiribati 2005 -5.36% -10.00% -2.48%
Kiribati 2010 -5.67% -10.11% -2.68%
Kiribati 2016 -5.41% -8.44% -2.82%
Kuwait 1990 -62.51% -96.34% -31.93%
Kuwait 1995 -60.86% -96.01% -35.18%
Kuwait 2000 -60.41% -96.80% -38.95%
Kuwait 2005 -62.48% -98.80% -33.89%
Kuwait 2010 -59.63% -92.73% -27.23%
Kuwait 2016 -51.28% -91.33% -20.90%
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Kyrgyzstan 1990 0.20% -0.20% 0.66%
Kyrgyzstan 1995 0.24% -0.29% 0.76%
Kyrgyzstan 2000 0.23% -0.41% 0.78%
Kyrgyzstan 2005 0.24% -0.41% 0.78%
Kyrgyzstan 2010 0.21% -0.57% 0.77%
Kyrgyzstan 2016 0.24% -0.24% 0.79%
Laos 1990 -0.77% -1.71% -0.18%
Laos 1995 -0.78% -1.91% -0.18%
Laos 2000 -0.78% -1.85% -0.17%
Laos 2005 -0.84% -1.96% -0.19%
Laos 2010 -0.83% -2.05% -0.19%
Laos 2016 -0.78% -1.80% -0.18%
Latvia 1990 -1.42% -3.40% 0.13%
Latvia 1995 -1.56% -4.16% 0.30%
Latvia 2000 -1.43% -4.20% 0.28%
Latvia 2005 -1.30% -3.49% 0.23%
Latvia 2010 -1.16% -3.34% 0.15%
Latvia 2016 -1.15% -2.99% 0.11%
Lebanon 1990 -0.18% -0.47% 0.28%
Lebanon 1995 -0.21% -0.64% 0.31%
Lebanon 2000 -0.26% -0.81% 0.39%
Lebanon 2005 -0.26% -0.78% 0.41%
Lebanon 2010 -0.27% -0.81% 0.36%
Lebanon 2016 -0.25% -0.74% 0.31%
Lesotho 1990 1.78% 0.77% 3.11%
Lesotho 1995 1.77% 0.70% 3.40%
Lesotho 2000 1.70% 0.74% 3.34%
Lesotho 2005 1.54% 0.62% 2.83%
Lesotho 2010 1.51% 0.61% 2.78%
Lesotho 2016 1.48% 0.58% 2.88%
Liberia 1990 0% 0% 0%
Liberia 1995 0% 0% 0%
Liberia 2000 0% 0% 0%
Liberia 2005 0% 0% 0%
Liberia 2010 0% 0% 0%
Liberia 2016 0% 0% 0%
Libya 1990 -15.38% -47.41% -6.81%
Libya 1995 -15.53% -47.06% -7.42%
Libya 2000 -13.05% -42.05% -6.68%
Libya 2005 -9.71% -29.63% -4.90%
Libya 2010 -8.70% -27.71% -4.17%
Libya 2016 -8.11% -25.34% -3.78%
Lithuania 1990 -0.17% -1.87% 1.98%
Lithuania 1995 -0.21% -2.36% 2.19%
Lithuania 2000 -0.17% -1.88% 1.91%
Lithuania 2005 -0.16% -1.55% 1.54%
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Lithuania 2010 -0.16% -1.48% 1.39%
Lithuania 2016 -0.13% -1.26% 1.33%
Luxembourg 1990 8.53% 1.77% 16.76%
Luxembourg 1995 8.75% 1.68% 18.64%
Luxembourg 2000 7.42% 1.50% 15.73%
Luxembourg 2005 5.96% 1.05% 13.04%
Luxembourg 2010 5.38% 1.01% 11.55%
Luxembourg 2016 5.52% 1.02% 11.95%
Macedonia 1990 -4.82% -10.44% -0.95%
Macedonia 1995 -4.67% -9.85% -0.78%
Macedonia 2000 -5.61% -11.84% -1.30%
Macedonia 2005 -5.81% -12.57% -0.82%
Macedonia 2010 -7.29% -15.83% -1.78%
Macedonia 2016 -6.84% -15.15% -1.71%
Madagascar 1990 -0.11% -0.14% -0.08%
Madagascar 1995 -0.12% -0.17% -0.09%
Madagascar 2000 -0.16% -0.22% -0.11%
Madagascar 2005 -0.20% -0.27% -0.14%
Madagascar 2010 -0.19% -0.26% -0.13%
Madagascar 2016 -0.16% -0.25% -0.09%
Malawi 1990 -0.08% -0.19% -0.02%
Malawi 1995 -0.08% -0.20% -0.01%
Malawi 2000 -0.09% -0.21% -0.01%
Malawi 2005 -0.08% -0.20% -0.01%
Malawi 2010 -0.07% -0.19% 0%
Malawi 2016 -0.08% -0.20% -0.01%
Malaysia 1990 -4.02% -5.72% -2.47%
Malaysia 1995 -4.98% -7.39% -2.98%
Malaysia 2000 -7.36% -10.89% -4.28%
Malaysia 2005 -8.43% -12.51% -4.97%
Malaysia 2010 -7.46% -11.86% -4.37%
Malaysia 2016 -6.21% -9.48% -3.46%
Maldives 1990 -38.86% -61.33% -26.39%
Maldives 1995 -30.61% -49.32% -21.41%
Maldives 2000 -24.75% -38.95% -17.47%
Maldives 2005 -22.91% -36.29% -16.03%
Maldives 2010 -22.94% -37.22% -15.10%
Maldives 2016 -23.15% -40.14% -13.65%
Mali 1990 -0.18% -0.24% -0.12%
Mali 1995 -0.18% -0.25% -0.12%
Mali 2000 -0.19% -0.26% -0.12%
Mali 2005 -0.19% -0.26% -0.12%
Mali 2010 -0.18% -0.26% -0.11%
Mali 2016 -0.18% -0.31% -0.09%
Malta 1990 -13.06% -16.93% -10.45%
Malta 1995 -12.48% -16.19% -9.47%
32
Percent change in alcohol consumption due to tourism, by location and 5-year interval
Location Year Mean 2.5 percentile 97.5 percentile
Malta 2000 -12.62% -16.91% -9.40%
Malta 2005 -12.57% -15.95% -9.79%
Malta 2010 -11.78% -15.81% -8.86%
Malta 2016 -10.92% -14.97% -7.73%
Marshall Islands 1990 -0.56% -1.25% 0.05%
Marshall Islands 1995 -0.58% -1.35% 0.12%
Marshall Islands 2000 -0.56% -1.34% 0.14%
Marshall Islands 2005 -0.56% -1.34% 0.09%
Marshall Islands 2010 -0.51% -1.24% 0.14%
Marshall Islands 2016 -0.50% -1.07% 0.02%
Mauritania 1990 0% 0% 0%
Mauritania 1995 0% 0% 0%
Mauritania 2000 0% 0% 0%
Mauritania 2005 0% 0% 0%
Mauritania 2010 0% 0% 0%
Mauritania 2016 0% 0% 0%
Mauritius 1990 -3.09% -4.05% -2.21%
Mauritius 1995 -2.94% -3.96% -2.07%
Mauritius 2000 -2.92% -3.89% -2.05%
Mauritius 2005 -3.04% -4.06% -2.11%
Mauritius 2010 -3.22% -4.47% -2.18%
Mauritius 2016 -3.28% -4.93% -2.04%
Mexico 1990 -4.14% -5.48% -1.62%
Mexico 1995 -3.86% -5.46% -1.43%
Mexico 2000 -3.76% -5.16% -1.34%
Mexico 2005 -3.89% -5.25% -1.39%
Mexico 2010 -4.21% -5.93% -1.50%
Mexico 2016 -4.34% -6.19% -1.58%
Moldova 1990 2.66% 1.43% 4.71%
Moldova 1995 2.70% 1.44% 4.94%
Moldova 2000 3.03% 1.71% 5.36%
Moldova 2005 3.54% 1.88% 6.54%
Moldova 2010 3.72% 2.08% 6.75%
Moldova 2016 3.66% 2.09% 6.28%
Mongolia 1990 0.47% 0.15% 1.26%
Mongolia 1995 0.49% 0.13% 1.41%
Mongolia 2000 0.43% 0.10% 1.33%
Mongolia 2005 0.38% 0.09% 1.07%
Mongolia 2010 0.31% 0.08% 0.94%
Mongolia 2016 0.27% 0.09% 0.75%
Montenegro 1990 -0.94% -5.74% 1.58%
Montenegro 1995 -0.95% -6.10% 1.82%
Montenegro 2000 -0.98% -5.84% 1.42%
Montenegro 2005 -0.91% -5.25% 1.45%
Montenegro 2010 -0.90% -5.06% 1.39%
Montenegro 2016 -0.76% -4.58% 1.28%
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Morocco 1990 -4.71% -7.03% -2.66%
Morocco 1995 -4.62% -6.96% -2.58%
Morocco 2000 -4.55% -6.92% -2.54%
Morocco 2005 -4.76% -7.21% -2.63%
Morocco 2010 -6.11% -9.49% -3.36%
Morocco 2016 -7.11% -12.02% -3.50%
Mozambique 1990 -0.94% -1.83% -0.39%
Mozambique 1995 -0.71% -1.44% -0.27%
Mozambique 2000 -0.48% -0.99% -0.17%
Mozambique 2005 -0.41% -0.81% -0.15%
Mozambique 2010 -0.42% -0.88% -0.13%
Mozambique 2016 -0.42% -0.92% -0.14%
Myanmar 1990 -0.65% -1.34% -0.37%
Myanmar 1995 -0.59% -1.24% -0.32%
Myanmar 2000 -0.49% -1.04% -0.27%
Myanmar 2005 -0.45% -0.97% -0.24%
Myanmar 2010 -0.40% -0.87% -0.23%
Myanmar 2016 -0.34% -0.71% -0.18%
Namibia 1990 -7.58% -11.67% -4.51%
Namibia 1995 -3.74% -5.77% -2.19%
Namibia 2000 -1.60% -2.37% -1.03%
Namibia 2005 -0.93% -1.39% -0.56%
Namibia 2010 -0.76% -1.21% -0.42%
Namibia 2016 -0.76% -1.32% -0.41%
Nepal 1990 -0.75% -1.06% -0.49%
Nepal 1995 -0.38% -0.57% -0.24%
Nepal 2000 -0.20% -0.29% -0.13%
Nepal 2005 -0.15% -0.22% -0.10%
Nepal 2010 -0.15% -0.23% -0.09%
Nepal 2016 -0.16% -0.26% -0.09%
Netherlands 1990 5.07% 3.99% 6.15%
Netherlands 1995 5.16% 3.93% 6.51%
Netherlands 2000 5.22% 3.99% 6.39%
Netherlands 2005 5.27% 3.98% 6.59%
Netherlands 2010 5.39% 3.99% 6.72%
Netherlands 2016 5.41% 3.86% 7.13%
New Zealand 1990 2.22% 1.51% 3.17%
New Zealand 1995 2.43% 1.63% 3.65%
New Zealand 2000 2.67% 1.71% 4.12%
New Zealand 2005 2.52% 1.63% 3.94%
New Zealand 2010 2.45% 1.55% 3.85%
New Zealand 2016 2.47% 1.51% 3.83%
Nicaragua 1990 -0.44% -0.80% -0.18%
Nicaragua 1995 -0.46% -0.88% -0.17%
Nicaragua 2000 -0.44% -0.80% -0.16%
Nicaragua 2005 -0.41% -0.77% -0.16%
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Nicaragua 2010 -0.43% -0.81% -0.16%
Nicaragua 2016 -0.43% -0.82% -0.16%
Niger 1990 -0.48% -0.73% -0.30%
Niger 1995 -0.50% -0.79% -0.29%
Niger 2000 -0.40% -0.67% -0.21%
Niger 2005 -0.36% -0.57% -0.20%
Niger 2010 -0.39% -0.64% -0.21%
Niger 2016 -0.41% -0.72% -0.21%
Nigeria 1990 -0.01% -0.05% 0.00%
Nigeria 1995 -0.01% -0.04% 0.00%
Nigeria 2000 -0.01% -0.04% 0.00%
Nigeria 2005 -0.01% -0.04% 0.00%
Nigeria 2010 -0.01% -0.05% 0.00%
Nigeria 2016 -0.02% -0.06% 0.00%
North Korea 1990 0% 0% 0%
North Korea 1995 0% 0% 0%
North Korea 2000 0% 0% 0%
North Korea 2005 0% 0% 0%
North Korea 2010 0% 0% 0%
North Korea 2016 0% 0% 0%
Northern Mariana Islands 1990 -30.47% -63.29% -12.53%
Northern Mariana Islands 1995 -29.86% -65.22% -11.67%
Northern Mariana Islands 2000 -29.06% -64.00% -11.60%
Northern Mariana Islands 2005 -28.42% -60.77% -11.49%
Northern Mariana Islands 2010 -28.46% -60.71% -11.28%
Northern Mariana Islands 2016 -28.25% -60.19% -11.71%
Norway 1990 4.80% 0.52% 9.38%
Norway 1995 4.70% 0.23% 9.68%
Norway 2000 4.33% 0.11% 9.13%
Norway 2005 4.01% 0.08% 8.30%
Norway 2010 3.81% 0.07% 7.98%
Norway 2016 4.02% 0.37% 8.08%
Oman 1990 0% 0% 0%
Oman 1995 0% 0% 0%
Oman 2000 0% 0% 0%
Oman 2005 0% 0% 0%
Oman 2010 0% 0% 0%
Oman 2016 0% 0% 0%
Pakistan 1990 -1.04% -1.68% -0.53%
Pakistan 1995 -0.96% -1.66% -0.46%
Pakistan 2000 -0.94% -1.51% -0.45%
Pakistan 2005 -1.10% -1.80% -0.53%
Pakistan 2010 -1.43% -2.50% -0.66%
Pakistan 2016 -1.51% -3.09% -0.60%
Palestine 1990 -43.78% -82.89% -16.32%
Palestine 1995 -36.75% -69.13% -14.28%
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Palestine 2000 -20.86% -36.36% -9.02%
Palestine 2005 -15.61% -27.44% -6.90%
Palestine 2010 -18.34% -32.00% -7.60%
Palestine 2016 -20.57% -38.38% -8.51%
Panama 1990 -1.04% -1.89% -0.29%
Panama 1995 -1% -1.95% -0.25%
Panama 2000 -0.98% -1.87% -0.25%
Panama 2005 -0.91% -1.78% -0.23%
Panama 2010 -0.87% -1.62% -0.22%
Panama 2016 -0.80% -1.54% -0.22%
Papua New Guinea 1990 -0.11% -0.16% -0.05%
Papua New Guinea 1995 -0.10% -0.15% -0.04%
Papua New Guinea 2000 -0.11% -0.16% -0.04%
Papua New Guinea 2005 -0.12% -0.19% -0.04%
Papua New Guinea 2010 -0.13% -0.20% -0.05%
Papua New Guinea 2016 -0.13% -0.22% -0.06%
Paraguay 1990 -1.87% -4.43% -0.76%
Paraguay 1995 -1.73% -4.29% -0.65%
Paraguay 2000 -1.87% -4.59% -0.69%
Paraguay 2005 -2.22% -5.51% -0.82%
Paraguay 2010 -2.37% -5.75% -0.86%
Paraguay 2016 -2.31% -5.65% -0.92%
Peru 1990 -0.15% -0.27% -0.04%
Peru 1995 -0.17% -0.30% -0.03%
Peru 2000 -0.17% -0.30% -0.03%
Peru 2005 -0.18% -0.32% -0.04%
Peru 2010 -0.18% -0.33% -0.04%
Peru 2016 -0.19% -0.35% -0.05%
Philippines 1990 -0.02% -0.06% 0.03%
Philippines 1995 -0.02% -0.07% 0.03%
Philippines 2000 -0.02% -0.06% 0.03%
Philippines 2005 -0.02% -0.06% 0.03%
Philippines 2010 -0.02% -0.06% 0.03%
Philippines 2016 -0.02% -0.06% 0.03%
Poland 1990 -4.89% -7.61% -3.05%
Poland 1995 -4.84% -7.97% -2.58%
Poland 2000 -4.65% -7.54% -2.64%
Poland 2005 -4.27% -7.03% -2.31%
Poland 2010 -4.21% -6.62% -2.45%
Poland 2016 -4.17% -6.65% -2.49%
Portugal 1990 -1.90% -3.11% -0.66%
Portugal 1995 -2.07% -3.43% -0.63%
Portugal 2000 -2.26% -3.72% -0.66%
Portugal 2005 -2.50% -4.03% -0.63%
Portugal 2010 -2.54% -4.44% -0.62%
Portugal 2016 -2.60% -4.76% -0.87%
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Puerto Rico 1990 -5.80% -9.33% -2.67%
Puerto Rico 1995 -5.66% -9.38% -2.54%
Puerto Rico 2000 -5.55% -9.04% -2.47%
Puerto Rico 2005 -5.48% -8.90% -2.31%
Puerto Rico 2010 -5.35% -8.72% -2.29%
Puerto Rico 2016 -5.32% -8.69% -2.41%
Qatar 1990 0.75% -0.16% 2.43%
Qatar 1995 0.99% -0.33% 3.36%
Qatar 2000 1.21% -0.23% 3.67%
Qatar 2005 0.87% -0.20% 2.93%
Qatar 2010 0.72% -0.19% 2.38%
Qatar 2016 0.69% -0.07% 2.10%
Romania 1990 0.38% -0.01% 0.98%
Romania 1995 0.42% -0.02% 1.10%
Romania 2000 0.46% -0.02% 1.24%
Romania 2005 0.48% -0.02% 1.29%
Romania 2010 0.44% -0.03% 1.18%
Romania 2016 0.43% -0.01% 1.24%
Russia 1990 0.41% -0.06% 1.36%
Russia 1995 0.38% -0.08% 1.31%
Russia 2000 0.34% -0.07% 1.16%
Russia 2005 0.32% -0.05% 1.07%
Russia 2010 0.27% -0.05% 0.95%
Russia 2016 0.28% -0.05% 0.97%
Rwanda 1990 -0.07% -0.10% -0.04%
Rwanda 1995 -0.07% -0.13% -0.03%
Rwanda 2000 -0.08% -0.13% -0.03%
Rwanda 2005 -0.08% -0.14% -0.04%
Rwanda 2010 -0.08% -0.15% -0.03%
Rwanda 2016 -0.09% -0.16% -0.04%
Saint Lucia 1990 -10.44% -15.58% -5.16%
Saint Lucia 1995 -9.39% -14.01% -4.42%
Saint Lucia 2000 -9.34% -14.03% -4.43%
Saint Lucia 2005 -9.74% -14.37% -4.66%
Saint Lucia 2010 -11.09% -16.45% -5.44%
Saint Lucia 2016 -11.67% -17.84% -5.44%
Saint Vincent and the Grenadines 1990 -7.89% -9.81% -5.81%
Saint Vincent and the Grenadines 1995 -8.20% -10.90% -5.55%
Saint Vincent and the Grenadines 2000 -8.12% -10.51% -5.43%
Saint Vincent and the Grenadines 2005 -7.79% -10.23% -5.12%
Saint Vincent and the Grenadines 2010 -7.28% -9.90% -4.63%
Saint Vincent and the Grenadines 2016 -7.17% -10.04% -4.83%
Samoa 1990 -6.41% -9.10% -3.29%
Samoa 1995 -6.09% -8.72% -2.34%
Samoa 2000 -5.95% -8.75% -2.42%
Samoa 2005 -5.57% -8.19% -2.45%
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Samoa 2010 -5.65% -8.37% -2.67%
Samoa 2016 -5.67% -9.38% -2.63%
Sao Tome and Principe 1990 -0.35% -0.60% -0.19%
Sao Tome and Principe 1995 -0.26% -0.47% -0.12%
Sao Tome and Principe 2000 -0.21% -0.39% -0.10%
Sao Tome and Principe 2005 -0.20% -0.36% -0.10%
Sao Tome and Principe 2010 -0.22% -0.39% -0.11%
Sao Tome and Principe 2016 -0.23% -0.47% -0.11%
Saudi Arabia 1990 -5.21% -8.68% -2.49%
Saudi Arabia 1995 -6.64% -11.16% -2.76%
Saudi Arabia 2000 -8.32% -14.34% -3.76%
Saudi Arabia 2005 -8.28% -14.57% -3.49%
Saudi Arabia 2010 -7.84% -14.17% -3.13%
Saudi Arabia 2016 -6.76% -13.73% -2.52%
Senegal 1990 -4.66% -5.83% -3.27%
Senegal 1995 -5.64% -7.44% -3.74%
Senegal 2000 -6.33% -8.31% -4.19%
Senegal 2005 -6.88% -9.13% -4.71%
Senegal 2010 -7.70% -10.31% -4.81%
Senegal 2016 -7.63% -11.84% -4.53%
Serbia 1990 1.68% 0.85% 3.19%
Serbia 1995 1.68% 0.88% 3.03%
Serbia 2000 1.56% 0.66% 3.33%
Serbia 2005 1.43% 0.77% 2.55%
Serbia 2010 1.31% 0.57% 2.68%
Serbia 2016 1.26% 0.61% 2.44%
Seychelles 1990 -10.96% -14.85% -8.57%
Seychelles 1995 -9.08% -12.64% -6.75%
Seychelles 2000 -7.23% -9.97% -5.60%
Seychelles 2005 -6.68% -9.16% -5.25%
Seychelles 2010 -7.39% -10.51% -5.31%
Seychelles 2016 -7.88% -12.36% -4.99%
Sierra Leone 1990 -0.03% -0.08% -0.01%
Sierra Leone 1995 -0.03% -0.08% 0.01%
Sierra Leone 2000 -0.03% -0.08% 0.00%
Sierra Leone 2005 -0.03% -0.08% 0%
Sierra Leone 2010 -0.03% -0.08% 0.00%
Sierra Leone 2016 -0.04% -0.10% -0.01%
Singapore 1990 -5.02% -10.31% -0.47%
Singapore 1995 -4.22% -10.20% 0.46%
Singapore 2000 -4.37% -9.09% -0.07%
Singapore 2005 -4.15% -11.11% 0.60%
Singapore 2010 -5.24% -11.11% -0.39%
Singapore 2016 -4.97% -10.54% -0.77%
Slovakia 1990 -3.67% -5.00% -1.98%
Slovakia 1995 -3.91% -5.92% -1.59%
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Slovakia 2000 -4.07% -6.10% -1.76%
Slovakia 2005 -4.07% -6.07% -1.03%
Slovakia 2010 -4.42% -6.44% -1.63%
Slovakia 2016 -4.48% -6.48% -2.37%
Slovenia 1990 -54.66% -80.83% -36.15%
Slovenia 1995 -61.54% -92.74% -33.91%
Slovenia 2000 -64.58% -94.66% -36.12%
Slovenia 2005 -67.28% -97.42% -42.75%
Slovenia 2010 -68.27% -94.22% -43.82%
Slovenia 2016 -69.98% -95.83% -48.99%
Solomon Islands 1990 -0.76% -1.28% -0.45%
Solomon Islands 1995 -0.85% -1.44% -0.51%
Solomon Islands 2000 -0.77% -1.38% -0.43%
Solomon Islands 2005 -0.62% -1.03% -0.36%
Solomon Islands 2010 -0.50% -0.86% -0.29%
Solomon Islands 2016 -0.45% -0.75% -0.24%
Somalia 1990 0% 0% 0%
Somalia 1995 0% 0% 0%
Somalia 2000 0% 0% 0%
Somalia 2005 0% 0% 0%
Somalia 2010 0% 0% 0%
Somalia 2016 0% 0% 0%
South Africa 1990 0.02% -0.04% 0.07%
South Africa 1995 0.02% -0.05% 0.08%
South Africa 2000 0.02% -0.06% 0.08%
South Africa 2005 0.02% -0.05% 0.08%
South Africa 2010 0.02% -0.05% 0.07%
South Africa 2016 0.02% -0.04% 0.08%
South Korea 1990 0.05% -0.16% 0.26%
South Korea 1995 -0.07% -0.29% 0.07%
South Korea 2000 0.26% 0.06% 0.56%
South Korea 2005 -0.07% -0.28% 0.06%
South Korea 2010 0.28% 0.06% 0.61%
South Korea 2016 0.17% -0.03% 0.45%
South Sudan 1990 0% 0% 0%
South Sudan 1995 0% 0% 0%
South Sudan 2000 0% 0% 0%
South Sudan 2005 0% 0% 0%
South Sudan 2010 0% 0% 0%
South Sudan 2016 0% 0% 0%
Spain 1990 -1.14% -1.71% -0.57%
Spain 1995 -1.28% -2.04% -0.55%
Spain 2000 -1.38% -2.20% -0.57%
Spain 2005 -1.36% -2.26% -0.54%
Spain 2010 -1.43% -2.51% -0.57%
Spain 2016 -1.48% -2.39% -0.67%
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Sri Lanka 1990 -0.62% -1.09% -0.44%
Sri Lanka 1995 -0.62% -1.21% -0.40%
Sri Lanka 2000 -0.46% -0.91% -0.29%
Sri Lanka 2005 -0.30% -0.56% -0.18%
Sri Lanka 2010 -0.21% -0.38% -0.13%
Sri Lanka 2016 -0.18% -0.33% -0.11%
Sudan 1990 -0.01% -0.09% 0.04%
Sudan 1995 -0.01% -0.08% 0.03%
Sudan 2000 -0.01% -0.08% 0.03%
Sudan 2005 -0.01% -0.08% 0.03%
Sudan 2010 -0.01% -0.07% 0.03%
Sudan 2016 -0.01% -0.07% 0.03%
Suriname 1990 -0.58% -1.02% -0.29%
Suriname 1995 -0.62% -1.14% -0.28%
Suriname 2000 -0.55% -1.03% -0.24%
Suriname 2005 -0.47% -0.90% -0.22%
Suriname 2010 -0.43% -0.82% -0.18%
Suriname 2016 -0.41% -0.78% -0.19%
Swaziland 1990 -2.88% -4.46% -1.82%
Swaziland 1995 -2.84% -4.53% -1.56%
Swaziland 2000 -2.86% -4.64% -1.61%
Swaziland 2005 -3.21% -4.95% -1.79%
Swaziland 2010 -3.92% -6.27% -2.11%
Swaziland 2016 -4.06% -7.42% -2.07%
Sweden 1990 0.01% -3.39% 2.38%
Sweden 1995 0.05% -3.68% 2.74%
Sweden 2000 -0.08% -3.32% 2.49%
Sweden 2005 0.04% -3.45% 2.28%
Sweden 2010 0.05% -3.28% 2.95%
Sweden 2016 -0.12% -3.34% 1.84%
Switzerland 1990 5.60% 4.55% 7.23%
Switzerland 1995 6.15% 4.77% 8.19%
Switzerland 2000 6.62% 5.27% 8.94%
Switzerland 2005 6.74% 5.24% 9.34%
Switzerland 2010 7.04% 5.42% 9.56%
Switzerland 2016 7.29% 5.19% 10.35%
Syria 1990 -2.74% -5.72% -1.58%
Syria 1995 -2.53% -5.42% -1.43%
Syria 2000 -2.30% -5.14% -1.26%
Syria 2005 -2.20% -4.82% -1.20%
Syria 2010 -2.24% -4.74% -1.16%
Syria 2016 -2.46% -5.67% -1.08%
Taiwan 1990 1.07% 0.45% 1.93%
Taiwan 1995 1.03% 0.21% 2.49%
Taiwan 2000 0.81% 0.12% 1.94%
Taiwan 2005 0.84% 0.18% 1.98%
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Taiwan 2010 0.90% 0.25% 2.19%
Taiwan 2016 0.84% 0.33% 1.73%
Tajikistan 1990 0.24% 0.10% 0.40%
Tajikistan 1995 0.24% 0.09% 0.40%
Tajikistan 2000 0.29% 0.11% 0.47%
Tajikistan 2005 0.32% 0.12% 0.52%
Tajikistan 2010 0.35% 0.14% 0.58%
Tajikistan 2016 0.37% 0.14% 0.61%
Tanzania 1990 -0.02% -0.03% -0.01%
Tanzania 1995 -0.03% -0.04% -0.01%
Tanzania 2000 -0.02% -0.04% -0.01%
Tanzania 2005 -0.03% -0.04% -0.01%
Tanzania 2010 -0.03% -0.05% -0.01%
Tanzania 2016 -0.03% -0.05% -0.01%
Thailand 1990 -0.34% -0.56% -0.16%
Thailand 1995 -0.27% -0.59% -0.03%
Thailand 2000 -0.30% -0.67% -0.09%
Thailand 2005 -0.22% -0.40% -0.06%
Thailand 2010 -0.28% -0.65% -0.04%
Thailand 2016 -0.25% -0.42% -0.12%
The Bahamas 1990 -33.28% -46.46% -14.05%
The Bahamas 1995 -37.51% -53.28% -15.78%
The Bahamas 2000 -41.59% -56.96% -18.12%
The Bahamas 2005 -44.31% -63.00% -18.26%
The Bahamas 2010 -45.85% -65.64% -18.77%
The Bahamas 2016 -46.71% -67.71% -18.99%
The Gambia 1990 -4.42% -6.37% -2.97%
The Gambia 1995 -4.25% -6.42% -2.47%
The Gambia 2000 -3.98% -6.36% -2.05%
The Gambia 2005 -3.52% -5.51% -1.98%
The Gambia 2010 -3.76% -6.49% -2.04%
The Gambia 2016 -4.22% -7.69% -2.13%
Timor-Leste 1990 -2.23% -3.97% -1.17%
Timor-Leste 1995 -1.85% -3.44% -0.83%
Timor-Leste 2000 -1.61% -3.04% -0.74%
Timor-Leste 2005 -1.47% -2.91% -0.61%
Timor-Leste 2010 -1.46% -2.96% -0.56%
Timor-Leste 2016 -1.42% -3.09% -0.59%
Togo 1990 -0.10% -0.18% -0.04%
Togo 1995 -0.13% -0.27% -0.05%
Togo 2000 -0.16% -0.34% -0.06%
Togo 2005 -0.16% -0.33% -0.05%
Togo 2010 -0.16% -0.32% -0.06%
Togo 2016 -0.15% -0.31% -0.06%
Tonga 1990 -21.61% -32.78% -11.21%
Tonga 1995 -18.07% -27.04% -9.50%
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Tonga 2000 -14.04% -21.72% -6.99%
Tonga 2005 -11.88% -18.08% -6.27%
Tonga 2010 -11.83% -18.91% -5.69%
Tonga 2016 -11.97% -20.47% -5.46%
Trinidad and Tobago 1990 -0.85% -1.51% 0.40%
Trinidad and Tobago 1995 -0.97% -1.84% 0.60%
Trinidad and Tobago 2000 -1.10% -2% 0.60%
Trinidad and Tobago 2005 -1.01% -1.83% 0.54%
Trinidad and Tobago 2010 -0.93% -1.76% 0.70%
Trinidad and Tobago 2016 -0.92% -1.71% 0.41%
Tunisia 1990 -14.06% -17.04% -11.22%
Tunisia 1995 -13.80% -17.06% -10.82%
Tunisia 2000 -13.51% -16.89% -10.46%
Tunisia 2005 -13.30% -16.65% -10.37%
Tunisia 2010 -13.03% -16.58% -9.89%
Tunisia 2016 -12.70% -18.96% -7.99%
Turkey 1990 -3.19% -5.37% -1.33%
Turkey 1995 -2.54% -4.31% -1.04%
Turkey 2000 -2.15% -3.73% -0.90%
Turkey 2005 -2.31% -4.00% -0.93%
Turkey 2010 -3.10% -5.42% -1.25%
Turkey 2016 -3.66% -7.35% -1.34%
Turkmenistan 1990 -0.51% -1.16% -0.14%
Turkmenistan 1995 -0.43% -1.44% -0.07%
Turkmenistan 2000 -0.35% -0.91% -0.08%
Turkmenistan 2005 -0.35% -1.12% -0.05%
Turkmenistan 2010 -0.33% -0.99% -0.04%
Turkmenistan 2016 -0.38% -0.86% -0.11%
Uganda 1990 -0.01% -0.04% 0.01%
Uganda 1995 -0.01% -0.04% 0.02%
Uganda 2000 -0.01% -0.04% 0.02%
Uganda 2005 -0.01% -0.04% 0.02%
Uganda 2010 -0.01% -0.05% 0.02%
Uganda 2016 -0.01% -0.05% 0.02%
Ukraine 1990 0.10% -0.36% 0.66%
Ukraine 1995 0.10% -0.44% 0.68%
Ukraine 2000 0.11% -0.35% 0.69%
Ukraine 2005 0.08% -0.31% 0.54%
Ukraine 2010 0.07% -0.27% 0.52%
Ukraine 2016 0.08% -0.25% 0.53%
United Arab Emirates 1990 -1.59% -2.84% -0.73%
United Arab Emirates 1995 -2.49% -4.53% -0.89%
United Arab Emirates 2000 -3.68% -6.79% -1.22%
United Arab Emirates 2005 -3.94% -7.15% -1.33%
United Arab Emirates 2010 -3.98% -7.00% -1.63%
United Arab Emirates 2016 -3.80% -7.44% -1.62%
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United Kingdom 1990 4.87% 2.45% 8.07%
United Kingdom 1995 4.85% 2.32% 8.80%
United Kingdom 2000 4.69% 2.15% 8.73%
United Kingdom 2005 4.69% 2.19% 8.48%
United Kingdom 2010 4.94% 2.21% 9.03%
United Kingdom 2016 4.68% 2.36% 7.74%
United States 1990 1.78% 0.26% 2.53%
United States 1995 1.86% 0.27% 2.79%
United States 2000 1.84% 0.20% 2.73%
United States 2005 1.82% 0.18% 2.66%
United States 2010 1.76% 0.21% 2.61%
United States 2016 1.83% 0.24% 2.85%
Uruguay 1990 -1.29% -2.27% -0.74%
Uruguay 1995 -1.24% -2.41% -0.60%
Uruguay 2000 -1.24% -2.40% -0.58%
Uruguay 2005 -1.36% -2.48% -0.63%
Uruguay 2010 -1.44% -2.79% -0.65%
Uruguay 2016 -1.45% -2.66% -0.77%
Uzbekistan 1990 0.20% -0.04% 0.62%
Uzbekistan 1995 0.18% -0.05% 0.60%
Uzbekistan 2000 0.17% -0.05% 0.53%
Uzbekistan 2005 0.16% -0.03% 0.52%
Uzbekistan 2010 0.13% -0.03% 0.44%
Uzbekistan 2016 0.12% -0.02% 0.38%
Vanuatu 1990 -10.85% -19.31% -5.97%
Vanuatu 1995 -11.94% -21.35% -6.39%
Vanuatu 2000 -14.24% -26.81% -7.51%
Vanuatu 2005 -16.86% -32.22% -8.63%
Vanuatu 2010 -18.55% -35.22% -9.39%
Vanuatu 2016 -18.06% -35.31% -8.55%
Venezuela 1990 0.13% 0.05% 0.29%
Venezuela 1995 0.13% 0.05% 0.32%
Venezuela 2000 0.14% 0.05% 0.32%
Venezuela 2005 0.15% 0.05% 0.35%
Venezuela 2010 0.14% 0.05% 0.34%
Venezuela 2016 0.14% 0.05% 0.34%
Vietnam 1990 -0.57% -0.86% -0.33%
Vietnam 1995 -0.39% -0.62% -0.22%
Vietnam 2000 -0.22% -0.36% -0.12%
Vietnam 2005 -0.14% -0.22% -0.08%
Vietnam 2010 -0.11% -0.17% -0.05%
Vietnam 2016 -0.10% -0.16% -0.05%
Virgin Islands, U.S. 1990 -65.33% -98.24% -39.53%
Virgin Islands, U.S. 1995 -65.36% -97.83% -38.92%
Virgin Islands, U.S. 2000 -64.07% -97.41% -39.79%
Virgin Islands, U.S. 2005 -64.04% -98.01% -39.76%
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Virgin Islands, U.S. 2010 -64.70% -97.97% -38.11%
Virgin Islands, U.S. 2016 -65.41% -98.29% -39.43%
Yemen 1990 -0.30% -0.53% -0.15%
Yemen 1995 -0.38% -0.80% -0.16%
Yemen 2000 -0.70% -1.67% -0.30%
Yemen 2005 -1.13% -2.47% -0.45%
Yemen 2010 -1.39% -2.96% -0.54%
Yemen 2016 -1.24% -2.53% -0.50%
Zambia 1990 -0.09% -0.20% 0.08%
Zambia 1995 -0.09% -0.22% 0.08%
Zambia 2000 -0.10% -0.24% 0.09%
Zambia 2005 -0.11% -0.27% 0.10%
Zambia 2010 -0.11% -0.28% 0.10%
Zambia 2016 -0.11% -0.29% 0.10%
Zimbabwe 1990 -0.16% -0.41% 0.36%
Zimbabwe 1995 -0.19% -0.51% 0.51%
Zimbabwe 2000 -0.19% -0.51% 0.56%
Zimbabwe 2005 -0.19% -0.50% 0.45%
Zimbabwe 2010 -0.19% -0.50% 0.44%
Zimbabwe 2016 -0.19% -0.54% 0.43%
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3. Unrecorded adjustment
Given the heterogeneous nature of the estimates on unrecorded consumption, as well as the wide 
variation across countries and time-periods, we took 1000 draws from the uniform distribution 
of the lowest and highest estimates available for a given country. We did this to incorporate the 
diffuse uncertainty within the unrecorded estimates reported.  
Methods Appendix Table 4 reports the maximum value estimated for the percentage of alcohol 
stock that is unrecorded. We used these 1000 draws in the above equation. We adjusted LPC only 
for countries where estimates were available.  
We adjusted the alcohol LPC for unrecorded consumption using the following equation: 
𝐴𝑙𝑐𝑜ℎ𝑜𝑙 𝐿𝑃𝐶 = ஺௟௖௢௛  ௅௉஼
(ଵି% ௎௡௥௘௖௢௥ௗ௘ௗ)
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Methods Appendix Table 4: Maximum unrecorded estimates by location (incorporated in the final estimates of 
alcohol consumption were 1000 draws from a uniform distribution between zero and the values reported here
Location
Maximum percentage of 
total alcohol stock 










































Democratic Republic of the Congo 51%
Denmark 12%
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Maximum unrecorded estimates by location (incorporated in the final estimates of alcohol consumption were 
1000 draws from a uniform distribution between zero and the values reported here)
Location
Maximum percentage of 
total alcohol stock 













































Maximum unrecorded estimates by location (incorporated in the final estimates of alcohol consumption were 
1000 draws from a uniform distribution between zero and the values reported here)
Location
Maximum percentage of 
total alcohol stock 






































Saint Vincent and the Grenadines 7%
Samoa 32%





Maximum unrecorded estimates by location (incorporated in the final estimates of alcohol consumption were 
1000 draws from a uniform distribution between zero and the values reported here)
Location
Maximum percentage of 
total alcohol stock 









































4. Individual consumption in grams per day
We used DisMod-MR 2.1 to construct estimates for each country/year/age/sex on the prevalence 
of current drinking, abstention, and on individual-level consumption. We chose to use DisMod 
due to its ability to leverage information across the heterogeneous age groups reported in the 
surveys, through age-integration, as well as the model’s ability to leverage information available 
from data in nearby locations or time-periods.  
After generating complete time series for prevalence of current drinking, abstention, and 
individual consumption, we made sure the sum of percent current drinkers and percent abstainers 
summed to one for a given location/year/age/sex. We then calculated the proportion of total 
consumption for a given location/year by age and sex, using the estimates of individual 
consumption, the population size, and the percentage of current drinkers. Lastly, we multiplied 
this proportion of total stock for a given location/year/sex/age by the total stock for a given 
location/year to calculate the consumption in terms of liter per capita for a given 
location/year/sex/age. We then converted these estimates to be in terms of grams/per day. The 
following equations describe these calculations: 
 % 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑑𝑟𝑖𝑛𝑘𝑒𝑟𝑠 ௟,௬,௦,௔ =  
 % ஼௨௥௥௘௡௧ ௗ௥௜௡௞௘௥௦ ೗,೤,ೞ,ೌ
 % ஼௨௥௥௘௡௧ ௗ௥௜௡௞௘௥௦ ೗,೤,ೞ,ೌା% ஺௕௦௧௔௜௡௘௥௦೗,೤,ೞ,ೌ
𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ௟,௬,௦,௔ =
஺௟௖௢௛௢௟  ௚/ௗ௔௬  ೗,೤,ೞ,ೌ ∗ ௉௢௣௨௟௔௧௜௢௡ ೗,೤,ೞ,ೌ ∗ % ஼௨௥௥௘௡௧ ௗ௥௜௡௞௘௥௦ ೗,೤,ೞ,ೌ
∑ ஺௟௖௢௛௢௟  ௚/ௗ௔௬ ೗,೤,ೞ,ೌ ∗ ௉௢௣௨௟௔௧௜௢௡ ೗,೤,ೞ,ೌ ∗ % ஼௨௥௥௘௡௧ ௗ௥௜௡௞௘௥௦ ೗,೤,ೞ,ೌ ೞ,ೌ
𝐴𝑙𝑐𝑜ℎ𝑜𝑙 𝐿𝑃𝐶 ௟,௬,௦,௔ =  
஺௟௖௢௛௢௟ ௅௉஼ ೗,೤ ∗ ௉௢௣௨௟௔௧௜௢௡ ೗,೤ ∗ ௉௥௢௣௢௥௧௜௢௡ ௢௙ ௧௢௧௔௟ ௖௢௡௦௨௠௣௧௜௢௡ ೗,೤,ೞ,ೌ
 % ஼௨௥௥௘௡௧ ௗ௥௜௡௞௘௥௦ ೗,೤,ೞ,ೌ∗௉௢௣௨௟௔௧௜௢௡ ೗,೤,ೞ,ೌ
𝐴𝑙𝑐𝑜ℎ𝑜𝑙 𝑔/𝑑𝑎𝑦 ௟,௬,௦,௔ = 𝐴𝑙𝑐𝑜ℎ𝑜𝑙 𝐿𝑃𝐶 ௟,௬,௦,௔ ∗
ଵ଴଴଴
ଷ଺ହ
where l is a location, y a year, s is a sex, and a is a 5-year age group. 
We then used the gamma distribution to estimate individual level variation within location, year, 
sex, age drinking populations, following the recommendations of other published alcohol studies 
15. We chose parameters of the gamma distribution based on the mean and standard deviation of
the 1000 draws of alcohol g/day exposure for a given population. 
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VI. Relative risk estimation
a. Motivation for meta-analysis
After assessing available evidence on the risk of alcohol use, we decided to conduct a new meta-
analysis to improve upon existing approaches and ensure compatibility between our estimates of 
consumption, relative risk estimates, and aggregate measures of risk. Previous meta-analyses of 
alcohol use and associated outcomes have not systematically controlled for reference categories 
and tend to use the midpoint of consumption doses from included studies. For each included 
outcome, we conducted a new meta-analysis in which we have additionally collected data on the 
reference category within studies, as well as the width of consumption doses. This allowed us to 
test the significance of including within our models a confounding variable for reference 
category choice. It also allowed us to estimate doses continuously despite the reported 
heterogeneous doses of alcohol consumption, typically estimated categorically within studies. 
In the following sections, we report which outcomes we included, our search strategy, the 
inclusion criteria, and our estimation methods. We also show, for each outcome, the PRISMA 
flow diagram, the data and estimates for each dose-response curve, and the references for 
included studies. 
b. Included outcomes
Upon assessing Bradford-Hill’s criteria for causation and identified studies, we calculated dose-
response relative risk curves for the following outcomes: atrial fibrillation, breast cancer, 
cirrhosis, colo-rectal cancer, diabetes, epilepsy, esophageal cancer, hemorrhagic stroke, 
hypertension, ischaemic heart disease, ischaemic stroke, intentional injuries, self-harm, 
unintentional injuries (transport and non-transport), larynx cancer, lip & oral cancer, liver 
cancer, lower respiratory infection, pharynx cancer, pancreatitis, and tuberculosis. 
c. Search Strategy and Inclusion criteria
For each of the above outcomes, we performed a systematic review of literature published 
between January 1st, 1950 and Dec 31st 2016 using Pubmed and the GHDx. Studies were 
included if the following conditions were met. Studies were excluded if any of the following 
conditions were met: 
1. The study did not report on the association between alcohol use and one of the
included outcomes. 
2. The study design was not either a cohort, case-control, or case-crossover.
3. The study did not report a relative measure of risk (either relative risk, risk ratio,
odds-ratio, or hazard ratio) and did not report cases and non-cases among those exposed 
and un-exposed. 
4. The study did not report dose-response amounts on alcohol use.
5. The study endpoint did not meet the case definition used in GBD 2016.
For each endpoint, the search strings used, PRISMA flow diagrams, extracted data, and 
references can be found in the following sections. 
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d. Data preparation
Risk ratios (relative risk, odds-ratio, or hazard ratio) were extracted from each included study, 
along with the reference category used, the characteristics of the study population, and all 
cofounders controlled for in the study. If a study reported results in terms of standard drinkers, 
drinks were converted to grams per day based on the location of the study, using WHO standard 
drink measurements. For studies not reporting confidence intervals, we calculated uncertainty 
using cases, non-cases, and controls. When studies used atypical reference categories (e.g. 
drinkers who consume 5-10 g/day), we recalculated the relative risk using abstainers as the 
reference category, if possible. 
e. Modeling Strategy
We used these studies to calculate a dose-response, modeled using DisMod ODE 13. We chose 
DisMod ODE rather than a conventional mixed effect meta-regression because of its ability to 
estimate nonparametric splines over doses (i.e. for most alcohol causes, there is a non-linear 
relationship with different doses) and incorporate heterogeneous doses through dose-
integration (i.e. most studies report doses categorically in wide ranges. Our model estimates 
relative risks for specific doses when categories overlap across studies, through an integration 
step.) Model covariates for reference category choice, sex, average age, type of risk 
measurement, and publication year were tested. We chose the model which had the best out-of-
sample coverage (using a leave-one-out strategy), given the potential covariates and spline 
points. When potential models had small differences in out-of-sample coverage (less than 0.1% 
difference), we chose the model with less covariates and spline points. We tested the possibility 
of estimating each curve by age and sex. If we found no significant differences in results by age 
or sex (e.g. the uncertainty of the first difference between models overlapped with 0), we 
estimated the curve for both sexes and all-ages. The majority of causes were estimated for all-
ages, both-sexes, with the exception of ischemic heart disease, ischemic stroke, hemorrhagic 
stroke, and diabetes, which we estimated by sex. 
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1. Atrial fibrillation and flutter
Summary of the meta-analysis conducted for GBD 2016
Search String:
(((“”ethanol“”[MeSH Terms] OR “”alcohols“”[MeSH Terms]) AND “”atrial fibrillation“”[MeSH Terms]) AND




















Study design not matching
inclusion criteria (n = 4)
Duplicate data (n = 9)
Study population 
not representative (n = 2)
Insufficient exposure 
categories (n = 4)
Case definition not matching 
inclusion criteria (n = 0)
No relative risk 
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2. Breast cancer
Summary of the meta-analysis conducted for GBD 2016
Search String:
((“”ethanol“”[MeSH Terms] OR “”alcohols“”[MeSH Terms]) AND “”breast neoplasms“”[MeSH Terms] AND




















Study design not matching
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Duplicate data (n = 4)
Study population 
not representative (n = 7)
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categories (n = 2)
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No relative risk 


































































































































































































































































































































References for Breast cancer
Adami HO, Lund E, Bergstrom R, Meirik O. Cigarette smoking, alcohol consumption and risk of breast
cancer in young women. Br J Cancer 1988; 58: 832–7.
Allen NE, Beral V, Casabonne D, et al. Moderate alcohol intake and cancer incidence in women. J Natl
Cancer Inst 2009; 101: 296–305.
Baglietto L, English DR, Gertig DM, Hopper JL, Giles GG. Does dietary folate intake modify effect of
alcohol consumption on breast cancer risk? Prospective cohort study. BMJ 2005; 331: 80.
Barnes BB, Steindorf K, Hein R, Flesch-Janys D, Chang-Claude J. Population attributable risk of invasive
postmenopausal breast cancer and breast cancer subtypes for modifiable and non-modifiable risk factors.
Cancer Epidemiol 2011; 35: 345–52.
Baumgartner KB, Annegers JF, McPherson RS, Frankowski RF, Gilliland FD, Samet JM. Is alcohol intake
associated with breast cancer in Hispanic women? The New Mexico Women’s Health Study. Ethn Dis 2002;
12: 460–9.
Beasley JM, Coronado GD, Livaudais J, et al. Alcohol and risk of breast cancer in Mexican women. Cancer
Causes Control 2010; 21: 863–70.
Benzon Larsen S, Vogel U, Christensen J, et al. Interaction between ADH1C Arg(272)Gln and alcohol intake
in relation to breast cancer risk suggests that ethanol is the causal factor in alcohol related breast cancer.
Cancer Lett 2010; 295: 191–7.
Berstad P, Ma H, Bernstein L, Ursin G. Alcohol intake and breast cancer risk among young women. Breast
Cancer Res Treat 2008; 108: 113–20.
Bessaoud F, Daures JP. Patterns of alcohol (especially wine) consumption and breast cancer risk: a
case-control study among a population in Southern France. Ann Epidemiol 2008; 18: 467–75.
Bissonauth V, Shatenstein B, Fafard E, et al. Risk of breast cancer among French-Canadian women,
noncarriers of more frequent BRCA1/2 mutations and consumption of total energy, coffee, and alcohol.
Breast J 2009; 15 Suppl 1: S63-71.
Bowlin SJ, Leske MC, Varma A, Nasca P, Weinstein A, Caplan L. Breast cancer risk and alcohol
consumption: results from a large case-control study. Int J Epidemiol 1997; 26: 915–23.
Breslow RA, Chen CM, Graubard BI, Mukamal KJ. Prospective study of alcohol consumption quantity and
frequency and cancer-specific mortality in the US population. Am J Epidemiol 2011; 174: 1044–53.
Brown LM, Gridley G, Wu AH, et al. Low level alcohol intake, cigarette smoking and risk of breast cancer in
Asian-American women. Breast Cancer Res Treat 2010; 120: 203–10.
Chen WY, Colditz GA, Rosner B, et al. Use of postmenopausal hormones, alcohol, and risk for invasive
breast cancer. Ann Intern Med 2002; 137: 798–804.
Chen WY, Rosner B, Hankinson SE, Colditz GA, Willett WC. Moderate alcohol consumption during adult
life, drinking patterns, and breast cancer risk. JAMA 2011; 306: 1884–90.
Chu SY, Lee NC, Wingo PA, Webster LA. Alcohol consumption and the risk of breast cancer. Am J
Epidemiol 1989; 130: 867–77.
Cotterchio M, Kreiger N, Theis B, Sloan M, Bahl S. Hormonal factors and the risk of breast cancer according
to estrogen- and progesterone-receptor subgroup. Cancer Epidemiol Biomarkers Prev 2003; 12: 1053–60.
Croghan IT, Pruthi S, Hays JT, et al. The role of smoking in breast cancer development: an analysis of a
Mayo Clinic cohort. Breast J 2009; 15: 489–95.
58
Dumeaux V, Lund E, Hjartaker A. Use of oral contraceptives, alcohol, and risk for invasive breast cancer.
Cancer Epidemiol Biomarkers Prev 2004; 13: 1302–7.
Ericson U, Sonestedt E, Gullberg B, Olsson H, Wirfalt E. High folate intake is associated with lower breast
cancer incidence in postmenopausal women in the Malmö Diet and Cancer cohort. Am J Clin Nutr 2007; 86:
434–43.
Ewertz M. Alcohol consumption and breast cancer risk in Denmark. Cancer Causes Control 1991; 2: 247–52.
Feigelson HS, Calle EE, Robertson AS, Wingo PA, Thun MJ. Alcohol consumption increases the risk of fatal
breast cancer (United States). Cancer Causes Control 2001; 12: 895–902.
Feigelson HS, Jonas CR, Robertson AS, McCullough ML, Thun MJ, Calle EE. Alcohol, folate, methionine,
and risk of incident breast cancer in the American Cancer Society Cancer Prevention Study II Nutrition
Cohort. Cancer Epidemiol Biomarkers Prev 2003; 12: 161–4.
Ferraroni M, Decarli A, Willett WC, Marubini E. Alcohol and breast cancer risk: a case-control study from
northern Italy. Int J Epidemiol 1991; 20: 859–64.
Franceschi S, Serraino D, Talamini R, Barra S, Bidoli E. Alcohol and breast cancer in an area with high
alcohol consumption. Rev Epidemiol Sante Publique 1991; 39: 143–8.
Freudenheim JL, Marshall JR, Graham S, et al. Lifetime alcohol consumption and risk of breast cancer.
Nutr Cancer 1995; 23: 11-Jan.
Fuchs CS, Stampfer MJ, Colditz GA, et al. Alcohol consumption and mortality among women. N Engl J
Med 1995; 332: 1245–50.
Gapstur SM, Potter JD, Sellers TA, Folsom AR. Increased risk of breast cancer with alcohol consumption in
postmenopausal women. Am J Epidemiol 1992; 136: 1221–31.
Garland M, Hunter DJ, Colditz GA, et al. Alcohol consumption in relation to breast cancer risk in a cohort
of United States women 25-42 years of age. Cancer Epidemiol Biomarkers Prev 1999; 8: 1017–21.
Goodman MT, Cologne JB, Moriwaki H, Vaeth M, Mabuchi K. Risk factors for primary breast cancer in
Japan: 8-year follow-up of atomic bomb survivors. Prev Med 1997; 26: 144–53.
Harris HR, Bergkvist L, Wolk A. Alcohol intake and mortality among women with invasive breast cancer. Br
J Cancer 2012; 106: 592–5.
Harris RE, Namboodiri KK, Wynder EL. Breast cancer risk: effects of estrogen replacement therapy and
body mass. J Natl Cancer Inst 1992; 84: 1575–82.
Harvey EB, Schairer C, Brinton LA, Hoover RN, Fraumeni JF. Alcohol consumption and breast cancer. J
Natl Cancer Inst 1987; 78: 657–61.
Herrinton LJ, Saftlas AF, Stanford JL, Brinton LA, Wolfe JN. Do alcohol intake and mammographic
densities interact in regard to the risk of breast cancer? Cancer 1993; 71: 3029–35.
Hiatt RA, Bawol RD. Alcoholic beverage consumption and breast cancer incidence. Am J Epidemiol 1984;
120: 676–83.
Hines LM, Risendal B, Slattery ML, et al. Comparative analysis of breast cancer risk factors among Hispanic
and non-Hispanic white women. Cancer 2010; 116: 3215–23.
Hirose K, Hamajima N, Takezaki T, Miura S, Tajima K. Physical exercise reduces risk of breast cancer in
Japanese women. Cancer Sci 2003; 94: 193–9.
Horn-Ross PL, Hoggatt KJ, West DW, et al. Recent diet and breast cancer risk: the California Teachers
Study (USA). Cancer Causes Control 2002; 13: 407–15.
Hoyer AP, Engholm G. Serum lipids and breast cancer risk: a cohort study of 5,207 Danish women. Cancer
Causes Control 1992; 3: 403–8.
59
Jain MG, Ferrenc RG, Rehm JT, et al. Alcohol and breast cancer mortality in a cohort study. Breast Cancer
Res Treat 2000; 64: 201–9.
Kabat GC, Chang CJ, Sparano JA, et al. Urinary estrogen metabolites and breast cancer: a case-control
study. Cancer Epidemiol Biomarkers Prev 1997; 6: 505–9.
Kabat GC, Miller AB, Jain M, Rohan TE. Dietary intake of selected B vitamins in relation to risk of major
cancers in women. Br J Cancer 2008; 99: 816–21.
Kabat GC, Miller AB, Jain M, Rohan TE. Dietary intake of selected B vitamins in relation to risk of major
cancers in women. Br J Cancer 2008; 99: 816–21.
Katsouyanni K, Trichopoulou A, Stuver S, et al. Ethanol and breast cancer: an association that may be
both confounded and causal. Int J Cancer 1994; 58: 356–61.
Kawai M, Minami Y, Kakizaki M, et al. Alcohol consumption and breast cancer risk in Japanese women: the
Miyagi Cohort study. Breast Cancer Res Treat 2011; 128: 817–25.
Kawase T, Matsuo K, Hiraki A, et al. Interaction of the effects of alcohol drinking and polymorphisms in
alcohol-metabolizing enzymes on the risk of female breast cancer in Japan. J Epidemiol 2009; 19: 244–50.
Kim MK, Ko MJ, Han JT. Alcohol consumption and mortality from all-cause and cancers among 1.34
million Koreans: the results from the Korea national health insurance corporation’s health examinee cohort
in 2000. Cancer Causes Control 2010; 21: 2295–302.
Kinney AY, Millikan RC, Lin YH, Moorman PG, Newman B. Alcohol consumption and breast cancer among
black and white women in North Carolina (United States). Cancer Causes Control 2000; 11: 345–57.
Kropp S, Becher H, Nieters A, Chang-Claude J. Low-to-moderate alcohol consumption and breast cancer
risk by age 50 years among women in Germany. Am J Epidemiol 2001; 154: 624–34.
Kruk J. Association of lifestyle and other risk factors with breast cancer according to menopausal status: a
case-control study in the Region of Western Pomerania (Poland). Asian Pac J Cancer Prev 2007; 8: 513–24.
La Vecchia C, Negri E, Parazzini F, et al. Alcohol and breast cancer: update from an Italian case-control
study. Eur J Cancer Clin Oncol 1989; 25: 1711–7.
Le MG, Hill C, Kramar A, Flamanti R. Alcoholic beverage consumption and breast cancer in a French
case-control study. Am J Epidemiol 1984; 120: 350–7.
Levi F, Pasche C, Lucchini F, La Vecchia C. Alcohol and breast cancer in the Swiss Canton of Vaud. Eur J
Cancer 1996; 32A: 2108–13.
Lew JQ, Freedman ND, Leitzmann MF, et al. Alcohol and risk of breast cancer by histologic type and
hormone receptor status in postmenopausal women: the NIH-AARP Diet and Health Study. Am J
Epidemiol 2009; 170: 308–17.
Li CI, Chlebowski RT, Freiberg M, et al. Alcohol consumption and risk of postmenopausal breast cancer by
subtype: the women’s health initiative observational study. J Natl Cancer Inst 2010; 102: 1422–31.
Li CI, Malone KE, Porter PL, Weiss NS, Tang MT, Daling JR. The relationship between alcohol use and risk
of breast cancer by histology and hormone receptor status among women 65-79 years of age. Cancer
Epidemiol Biomarkers Prev 2003; 12: 1061–6.
Li Y, Baer D, Friedman GD, Udaltsova N, Shim V, Klatsky AL. Wine, liquor, beer and risk of breast cancer
in a large population. Eur J Cancer 2009; 45: 843–50.
Lin Y, Kikuchi S, Tamakoshi K, et al. Prospective study of alcohol consumption and breast cancer risk in
Japanese women. Int J Cancer 2005; 116: 779–83.
Longnecker MP, Newcomb PA, Mittendorf R, et al. Risk of breast cancer in relation to lifetime alcohol
consumption. J Natl Cancer Inst 1995; 87: 923–9.
60
Longnecker MP, Paganini-Hill A, Ross RK. Lifetime alcohol consumption and breast cancer risk among
postmenopausal women in Los Angeles. Cancer Epidemiol Biomarkers Prev 1995; 4: 721–5.
Lucas FL, Cauley JA, Stone RA, et al. Bone mineral density and risk of breast cancer: differences by family
history of breast cancer. Study of Osteoporotic Fractures Research Group. Am J Epidemiol 1998; 148: 22–9.
Mannisto S, Virtanen M, Kataja V, Uusitupa M, Pietinen P. Lifetime alcohol consumption and breast cancer:
a case-control study in Finland. Public Health Nutr 2000; 3: 8-Nov.
Martin-Moreno JM, Boyle P, Gorgojo L, et al. Alcoholic beverage consumption and risk of breast cancer in
Spain. Cancer Causes Control 1993; 4: 345–53.
Maruti SS, Ulrich CM, White E. Folate and one-carbon metabolism nutrients from supplements and diet in
relation to breast cancer risk. Am J Clin Nutr 2009; 89: 624–33.
McCarty CA, Reding DJ, Commins J, et al. Alcohol, genetics and risk of breast cancer in the Prostate,
Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial. Breast Cancer Res Treat 2012; 133: 785–92.
McDonald JA, Mandel MG, Marchbanks PA, et al. Alcohol exposure and breast cancer: results of the
women’s contraceptive and reproductive experiences study. Cancer Epidemiol Biomarkers Prev 2004; 13:
2106–16.
Meara J, McPherson K, Roberts M, Jones L, Vessey M. Alcohol, cigarette smoking and breast cancer. Br J
Cancer 1989; 60: 70–3.
Meulepas JM, Newcomb PA, Burnett-Hartman AN, Hampton JM, Trentham-Dietz A. Multivitamin
supplement use and risk of invasive breast cancer. Public Health Nutr 2010; 13: 1540–5.
Mezzetti M, La Vecchia C, Decarli A, Boyle P, Talamini R, Franceschi S. Population attributable risk for
breast cancer: diet, nutrition, and physical exercise. J Natl Cancer Inst 1998; 90: 389–94.
Morabia A, Bernstein M, Heritier S, Khatchatrian N. Relation of breast cancer with passive and active
exposure to tobacco smoke. Am J Epidemiol 1996; 143: 918–28.
Morch LS, Johansen D, Thygesen LC, et al. Alcohol drinking, consumption patterns and breast cancer
among Danish nurses: a cohort study. Eur J Public Health 2007; 17: 624–9.
Nasca PC, Baptiste MS, Field NA, et al. An epidemiological case-control study of breast cancer and alcohol
consumption. Int J Epidemiol 1990; 19: 532–8.
Newcomb PA, Egan KM, Titus-Ernstoff L, et al. Lactation in relation to postmenopausal breast cancer. Am
J Epidemiol 1999; 150: 174–82.
Newcomb PA, Nichols HB, Beasley JM, et al. No difference between red wine or white wine consumption
and breast cancer risk. Cancer Epidemiol Biomarkers Prev 2009; 18: 1007–10.
Nielsen NR, Gronbaek M. Interactions between intakes of alcohol and postmenopausal hormones on risk of
breast cancer. Int J Cancer 2008; 122: 1109–13.
Ozasa K. Alcohol use and mortality in the Japan Collaborative Cohort Study for Evaluation of Cancer
(JACC). Asian Pac J Cancer Prev 2007; 8 Suppl: 81–8.
Petri AL, Tjonneland A, Gamborg M, et al. Alcohol intake, type of beverage, and risk of breast cancer in
pre- and postmenopausal women. Alcohol Clin Exp Res 2004; 28: 1084–90.
Richardson S, de Vincenzi I, Pujol H, Gerber M. Alcohol consumption in a case-control study of breast
cancer in southern France. Int J Cancer 1989; 44: 84–9.
Rohan TE, McMichael AJ. Alcohol consumption and risk of breast cancer. Int J Cancer 1988; 41: 695–9.
Ronco AL, De Stefani E, Correa P, et al. Dietary benzo[a]pyrene, alcohol drinking, and risk of breast cancer:
a case-control study in Uruguay. Asian Pac J Cancer Prev 2011; 12: 1463–7.
61
Rosenberg L, Palmer JR, Miller DR, Clarke EA, Shapiro S. A case-control study of alcoholic beverage
consumption and breast cancer. Am J Epidemiol 1990; 131: 14-Jun.
Rosenberg LU, Einarsdottir K, Friman EI, et al. Risk factors for hormone receptor-defined breast cancer in
postmenopausal women. Cancer Epidemiol Biomarkers Prev 2006; 15: 2482–8.
Rossing MA, Stanford JL, Weiss NS, Habel LA. Oral contraceptive use and risk of breast cancer in
middle-aged women. Am J Epidemiol 1996; 144: 161–4.
Schatzkin A, Jones DY, Hoover RN, et al. Alcohol consumption and breast cancer in the epidemiologic
follow-up study of the first National Health and Nutrition Examination Survey. N Engl J Med 1987; 316:
1169–73.
Simon MS, Carman W, Wolfe R, Schottenfeld D. Alcohol consumption and the risk of breast cancer: a
report from the Tecumseh Community Health Study. J Clin Epidemiol 1991; 44: 755–61.
Smith SJ, Deacon JM, Chilvers CE. Alcohol, smoking, passive smoking and caffeine in relation to breast
cancer risk in young women. UK National Case-Control Study Group. Br J Cancer 1994; 70: 112–9.
Sneyd MJ, Paul C, Spears GF, Skegg DC. Alcohol consumption and risk of breast cancer. Int J Cancer 1991;
48: 812–5.
Suzuki R, Iwasaki M, Inoue M, et al. Alcohol consumption-associated breast cancer incidence and potential
effect modifiers: the Japan Public Health Center-based Prospective Study. Int J Cancer 2010; 127: 685–95.
Suzuki R, Ye W, Rylander-Rudqvist T, Saji S, Colditz GA, Wolk A. Alcohol and postmenopausal breast
cancer risk defined by estrogen and progesterone receptor status: a prospective cohort study. J Natl Cancer
Inst 2005; 97: 1601–8.
Swanson CA, Coates RJ, Malone KE, et al. Alcohol consumption and breast cancer risk among women
under age 45 years. Epidemiology 1997; 8: 231–7.
Terry MB, Zhang FF, Kabat G, et al. Lifetime alcohol intake and breast cancer risk. Ann Epidemiol 2006;
16: 230–40.
Tjonneland A, Christensen J, Olsen A, et al. Alcohol intake and breast cancer risk: the European
Prospective Investigation into Cancer and Nutrition (EPIC). Cancer Causes Control 2007; 18: 361–73.
Toniolo P, Riboli E, Protta F, Charrel M, Cappa AP. Breast cancer and alcohol consumption: a case-control
study in northern Italy. Cancer Res 1989; 49: 5203–6.
Trentham-Dietz A, Newcomb PA, Storer BE, Remington PL. Risk factors for carcinoma in situ of the breast.
Cancer Epidemiol Biomarkers Prev 2000; 9: 697–703.
Viladiu P, Izquierdo A, de Sanjose S, Bosch FX. A breast cancer case-control study in Girona, Spain.
Endocrine, familial and lifestyle factors. Eur J Cancer Prev 1996; 5: 329–35.
Wang H, Rothenbacher D, Low M, Stegmaier C, Brenner H, Diepgen TL. Atopic diseases, immunoglobulin E
and risk of cancer of the prostate, breast, lung and colorectum. Int J Cancer 2006; 119: 695–701.
Wrensch M, Chew T, Farren G, et al. Risk factors for breast cancer in a population with high incidence rates.
Breast Cancer Res 2003; 5(4): R88-102.
Young TB. A case-control study of breast cancer and alcohol consumption habits. Cancer 1989; 64: 552–8.
Zhang M, Holman CD. Low-to-moderate alcohol intake and breast cancer risk in Chinese women. Br J
Cancer 2011; 105: 1089–95.
Zhang Y, Kreger BE, Dorgan JF, Splansky GL, Cupples LA, Ellison RC. Alcohol consumption and risk of
breast cancer: the Framingham Study revisited. Am J Epidemiol 1999; 149: 93–101.
van den Brandt PA, Goldbohm RA, van, t Veer P. Alcohol and breast cancer: results from The Netherlands
Cohort Study. Am J Epidemiol 1995; 141: 907–15.
62
van’t Veer P, Kok FJ, Hermus RJ, Sturmans F. Alcohol dose, frequency and age at first exposure in relation
to the risk of breast cancer. Int J Epidemiol 1989; 18: 511–7.
63
3. Cirrhosis and other chronic liver diseases
Summary of the meta-analysis conducted for GBD 2016
Search String:
(((“”ethanol“”[MeSH Terms] OR “”alcohols“”[MeSH Terms]) AND (“”liver cirrhosis“”[MeSH Terms] OR




















Study design not matching
inclusion criteria (n = 3)
Duplicate data (n = 0)
Study population 
not representative (n = 0)
Insufficient exposure 
categories (n = 0)
Case definition not matching 
inclusion criteria (n = 0)
No relative risk 




























































































































































































































































































































































References for Cirrhosis and other chronic liver diseases
Becker U, Deis A, Sorensen TI, et al. Prediction of risk of liver disease by alcohol intake, sex, and age: a
prospective population study. Hepatology 1996; 23: 1025–9.
Becker U, Gronbaek M, Johansen D, Sorensen TI. Lower risk for alcohol-induced cirrhosis in wine drinkers.
Hepatology 2002; 35: 868–75.
Bellentani S, Saccoccio G, Costa G, et al. Drinking habits as cofactors of risk for alcohol induced liver
damage. The Dionysos Study Group. Gut 1997; 41: 845–50.
Blackwelder WC, Yano K, Rhoads GG, Kagan A, Gordon T, Palesch Y. Alcohol and mortality: the Honolulu
Heart Study. Am J Med 1980; 68: 164–9.
Boffetta P, Garfinkel L. Alcohol drinking and mortality among men enrolled in an American Cancer Society
prospective study. Epidemiology 1990; 1: 342–8.
Corrao G, Arico S, Zambon A, Torchio P, Di Orio F. Female sex and the risk of liver cirrhosis. Collaborative
Groups for the Study of Liver Diseases in Italy. Scand J Gastroenterol 1997; 32: 1174–80.
Fuchs CS, Stampfer MJ, Colditz GA, et al. Alcohol consumption and mortality among women. N Engl J
Med 1995; 332: 1245–50.
Gordon T, Doyle JT. Drinking and mortality. The Albany Study. Am J Epidemiol 1987; 125: 263–70.
Gordon T, Kannel WB. Drinking and mortality. The Framingham Study. Am J Epidemiol 1984; 120: 97–107.
Kabat GC, Miller AB, Jain M, Rohan TE. Dietary intake of selected B vitamins in relation to risk of major
cancers in women. Br J Cancer 2008; 99: 816–21.
Klatsky AL, Friedman GD, Siegelaub AB. Alcohol and mortality. A ten-year Kaiser-Permanente experience.
Ann Intern Med 1981; 95: 139–45.
Kono S, Ikeda M, Tokudome S, Nishizumi M, Kuratsune M. Alcohol and mortality: a cohort study of male
Japanese physicians. Int J Epidemiol 1986; 15: 527–32.
Thun MJ, Peto R, Lopez AD, et al. Alcohol consumption and mortality among middle-aged and elderly U.S.
adults. N Engl J Med 1997; 337: 1705–14.
Yuan JM, Ross RK, Gao YT, Henderson BE, Yu MC. Follow up study of moderate alcohol intake and
mortality among middle aged men in Shanghai, China. BMJ 1997; 314: 18–23.
66
4. Colon and rectum cancer
Summary of the meta-analysis conducted for GBD 2016
Search String:
((“”ethanol“”[MeSH Terms] OR “”alcohols“”[MeSH Terms]) AND colorectal neoplasms“”[MeSH Terms] AND




















Study design not matching
inclusion criteria (n = 1)
Duplicate data (n = 1)
Study population 
not representative (n = 0)
Insufficient exposure 
categories (n = 0)
Case definition not matching 
inclusion criteria (n = 10)
No relative risk 




















































































































































































































































































































































References for Colon and rectum cancer
Akhter M, Kuriyama S, Nakaya N, et al. Alcohol consumption is associated with an increased risk of distal
colon and rectal cancer in Japanese men: the Miyagi Cohort Study. Eur J Cancer 2007; 43: 383–90.
Allen NE, Beral V, Casabonne D, et al. Moderate alcohol intake and cancer incidence in women. J Natl
Cancer Inst 2009; 101: 296–305.
Barra S, Negri E, Franceschi S, Guarneri S, La Vecchia C. Alcohol and colorectal cancer: a case-control
study from northern Italy. Cancer Causes Control 1992; 30: 153–9.
Benedetti A, Parent ME, Siemiatycki J. Lifetime consumption of alcoholic beverages and risk of 13 types of
cancer in men: results from a case-control study in Montreal. Cancer Detect Prev 2009; 32: 352–62.
Bongaerts BW, van den Brandt PA, Goldbohm RA, de Goeij AF, Weijenberg MP. Alcohol consumption,
type of alcoholic beverage and risk of colorectal cancer at specific subsites. Int J Cancer 2008; 123: 2411–7.
Boutron MC, Faivre J, Dop MC, Quipourt V, Senesse P. Tobacco, alcohol, and colorectal tumors: a
multistep process. Am J Epidemiol 1995; 1410: 1038–46.
Breslow RA, Chen CM, Graubard BI, Mukamal KJ. Prospective study of alcohol consumption quantity and
frequency and cancer-specific mortality in the US population. Am J Epidemiol 2011; 174: 1044–53.
Chen K, Jiang Q, Ma X, et al. Alcohol drinking and colorectal cancer: a population-based prospective cohort
study in China. Eur J Epidemiol 2005; 20: 149–54.
Choi SY, Kahyo H. Effect of cigarette smoking and alcohol consumption in the etiology of cancers of the
digestive tract. Int J Cancer 1991; 490: 381–6.
Chyou PH, Nomura AM, Stemmermann GN. A prospective study of colon and rectal cancer among Hawaii
Japanese men. Ann Epidemiol 1996; 6: 276–82.
Crockett SD, Long MD, Dellon ES, Martin CF, Galanko JA, Sandler RS. Inverse relationship between
moderate alcohol intake and rectal cancer: analysis of the North Carolina Colon Cancer Study. Dis Colon
Rectum 2011; 54: 887–94.
Ferrari P, Jenab M, Norat T, et al. Lifetime and baseline alcohol intake and risk of colon and rectal cancers
in the European prospective investigation into cancer and nutrition (EPIC). Int J Cancer 2007; 121: 2065–72.
Flood A, Caprario L, Chaterjee N, Lacey JV, Schairer C, Schatzkin A. Folate, methionine, alcohol, and
colorectal cancer in a prospective study of women in the United States. Cancer Causes Control 2002; 130:
551–61.
Gao CM, Takezaki T, Wu JZ, et al. Polymorphisms of alcohol dehydrogenase 2 and aldehyde dehydrogenase
2 and colorectal cancer risk in Chinese males. World J Gastroenterol 2008; 14: 5078–83.
Gaziano JM, Gaziano TA, Glynn RJ, et al. Light-to-moderate alcohol consumption and mortality in the
Physicians’ Health Study enrollment cohort. J Am Coll Cardiol 2000; 350: 96–105.
Gerhardsson de Verdier M, Romelsjo A, Lundberg M. Alcohol and cancer of the colon and rectum. Eur J
Cancer Prev 1993; 20: 401–8.
Goldbohm RA, Van den Brandt PA, Van, et al. Prospective study on alcohol consumption and the risk of
cancer of the colon and rectum in the Netherlands. Cancer Causes Control 1994; 50: 95–104.
Hassan MM, Phan A, Li D, Dagohoy CG, Leary C, Yao JC. Risk factors associated with neuroendocrine
tumors: A U.S.-based case-control study. Int J Cancer 2008; 123: 867–73.
Ho JW, Lam TH, Tse CW, et al. Smoking, drinking and colorectal cancer in Hong Kong Chinese: a
case-control study. Int J Cancer 2004; 1090: 587–97.
69
Hoshiyama Y, Sekine T, Sasaba T. A case-control study of colorectal cancer and its relation to diet,
cigarettes, and alcohol consumption in Saitama Prefecture, Japan. Tohoku J Exp Med 1993; 1710: 153–65.
Hu J, Morrison H, Mery L, DesMeules M, Macleod M. Diet and vitamin or mineral supplementation and risk
of colon cancer by subsite in Canada. Eur J Cancer Prev 2007; 16: 275–91.
Ji BT, Dai Q, Gao YT, et al. Cigarette and alcohol consumption and the risk of colorectal cancer in
Shanghai, China. Eur J Cancer Prev 2002; 110: 237–44.
Kabat GC, Miller AB, Jain M, Rohan TE. Dietary intake of selected B vitamins in relation to risk of major
cancers in women. Br J Cancer 2008; 99: 816–21.
Kim J, Kim DH, Lee BH, et al. Folate intake and the risk of colorectal cancer in a Korean population. Eur J
Clin Nutr 2009; 630: 1057–64.
Kim MK, Ko MJ, Han JT. Alcohol consumption and mortality from all-cause and cancers among 1.34
million Koreans: the results from the Korea national health insurance corporation’s health examinee cohort
in 2000. Cancer Causes Control 2010; 21: 2295–302.
Klatsky AL, Armstrong MA, Friedman GD, Hiatt RA. The relations of alcoholic beverage use to colon and
rectal cancer. Am J Epidemiol 1988; 1280: 1007–15.
Kono S, Ikeda M, Tokudome S, Nishizumi M, Kuratsune M. Cigarette smoking, alcohol and cancer mortality:
a cohort study of male Japanese physicians. Jpn J Cancer Res 1987; 78: 1323–8.
Kune S, Kune GA, Watson LF. Case-control study of alcoholic beverages as etiological factors: the
Melbourne Colorectal Cancer Study. Nutr Cancer 1987; 90: 43–56.
Lightfoot TJ, Barrett JH, Bishop T, et al. Methylene tetrahydrofolate reductase genotype modifies the
chemopreventive effect of folate in colorectal adenoma, but not colorectal cancer. Cancer Epidemiol
Biomarkers Prev 2008; 17: 2421–30.
Lim HJ, Park BJ. [Cohort study on the association between alcohol consumption and the risk of colorectal
cancer in the Korean elderly]. J Prev Med Public Health 2008; 41: 23–9.
Morita M, Le Marchand L, Kono S, et al. Genetic polymorphisms of CYP2E1 and risk of colorectal cancer:
the Fukuoka Colorectal Cancer Study. Cancer Epidemiol Biomarkers Prev 2009; 18: 235–41.
Murata M, Tagawa M, Watanabe S, Kimura H, Takeshita T, Morimoto K. Genotype difference of aldehyde
dehydrogenase 2 gene in alcohol drinkers influences the incidence of Japanese colorectal cancer patients. Jpn
J Cancer Res 1999; 900: 711–9.
Murata M, Takayama K, Choi BC, Pak AW. A nested case-control study on alcohol drinking, tobacco
smoking, and cancer. Cancer Detect Prev 1996; 20: 557–65.
Nakaya N, Tsubono Y, Kuriyama S, et al. Alcohol consumption and the risk of cancer in Japanese men: the
Miyagi cohort study. Eur J Cancer Prev 2005; 14: 169–74.
Newcomb PA, Storer BE, Marcus PM. Cancer of the large bowel in women in relation to alcohol
consumption: a case-control study in Wisconsin (United States). Cancer Causes Control 1993; 40: 405–11.
Otani T, Iwasaki M, Yamamoto S, et al. Alcohol consumption, smoking, and subsequent risk of colorectal
cancer in middle-aged and elderly Japanese men and women: Japan Public Health Center-based prospective
study. Cancer Epidemiol Biomarkers Prev 2003; 120: 1492–500.
Ozasa K. Alcohol use and mortality in the Japan Collaborative Cohort Study for Evaluation of Cancer
(JACC). Asian Pac J Cancer Prev 2007; 8 Suppl: 81–8.
Pedersen A, Johansen C, Gronbaek M. Relations between amount and type of alcohol and colon and rectal
cancer in a Danish population based cohort study. Gut 2003; 520: 861–7.
Peters RK, Garabrant DH, Yu MC, Mack TM. A case-control study of occupational and dietary factors in
colorectal cancer in young men by subsite. Cancer Res 1989; 490: 5459–68.
70
Riboli E, Cornee J, Macquart-Moulin G, Kaaks R, Casagrande C, Guyader M. Cancer and polyps of the
colorectum and lifetime consumption of beer and other alcoholic beverages. Am J Epidemiol 1991; 1340:
157–66.
Sanjoaquin MA, Appleby PN, Thorogood M, Mann JI, Key TJ. Nutrition, lifestyle and colorectal cancer
incidence: a prospective investigation of 10998 vegetarians and non-vegetarians in the United Kingdom. Br J
Cancer 2004; 90: 118–21.
Sharpe CR, Siemiatycki J, Rachet B. Effects of alcohol consumption on the risk of colorectal cancer among
men by anatomical subsite (Canada). Cancer Causes Control 2002; 130: 483–91.
Stern MC, Conti DV, Siegmund KD, et al. DNA repair single-nucleotide polymorphisms in colorectal cancer
and their role as modifiers of the effect of cigarette smoking and alcohol in the Singapore Chinese Health
Study. Cancer Epidemiol Biomarkers Prev 2007; 16: 2363–72.
Tavani A, Ferraroni M, Mezzetti M, Franceschi S, Lo Re A, La Vecchia C. Alcohol intake and risk of cancers
of the colon and rectum. Nutr Cancer 1998; 300: 213–9.
Thun MJ, Peto R, Lopez AD, et al. Alcohol consumption and mortality among middle-aged and elderly U.S.
adults. N Engl J Med 1997; 337: 1705–14.
Thygesen LC, Wu K, Gronbaek M, Fuchs CS, Willett WC, Giovannucci E. Alcohol intake and colorectal
cancer: a comparison of approaches for including repeated measures of alcohol consumption. Epidemiology
2008; 19: 258–64.
Tsong WH, Koh WP, Yuan JM, Wang R, Sun CL, Yu MC. Cigarettes and alcohol in relation to colorectal
cancer: the Singapore Chinese Health Study. Br J Cancer 2007; 96: 821–7.
Wakai K, Kojima M, Tamakoshi K, et al. Alcohol consumption and colorectal cancer risk: findings from the
JACC Study. J Epidemiol 2005; 15 Suppl 2(Suppl 2): S173-9.
Wang H, Rothenbacher D, Low M, Stegmaier C, Brenner H, Diepgen TL. Atopic diseases, immunoglobulin E
and risk of cancer of the prostate, breast, lung and colorectum. Int J Cancer 2006; 119: 695–701.
Wernli KJ, Wang Y, Zheng Y, Potter JD, Newcomb PA. The relationship between gravidity and parity and
colorectal cancer risk. J Womens Health (Larchmt) 2009; 18: 995–1001.
Wu AH, Paganini-Hill A, Ross RK, Henderson BE. Alcohol, physical activity and other risk factors for
colorectal cancer: a prospective study. Br J Cancer 1987; 550: 687–94.
Yamada K, Araki S, Tamura M, et al. Case-control study of colorectal carcinoma in situ and cancer in
relation to cigarette smoking and alcohol use (Japan). Cancer Causes Control 1997; 80: 780–5.
Yamamoto S, Nakagawa T, Matsushita Y, et al. Visceral fat area and markers of insulin resistance in
relation to colorectal neoplasia. Diabetes Care 2010; 33: 184–9.
Yi SW, Sull JW, Linton JA, Nam CM, Ohrr H. Alcohol consumption and digestive cancer mortality in
Koreans: the Kangwha Cohort Study. J Epidemiol 2010; 20: 204–11.
Yuan JM, Ross RK, Gao YT, Henderson BE, Yu MC. Follow up study of moderate alcohol intake and
mortality among middle aged men in Shanghai, China. BMJ 1997; 314: 18–23.
Zhao J, Zhu Y, Wang PP, et al. Interaction between alcohol drinking and obesity in relation to colorectal
cancer risk: a case-control study in Newfoundland and Labrador, Canada. BMC Public Health 2012; 12: 94.
71
5. Diabetes mellitus
Summary of the meta-analysis conducted for GBD 2016
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Fields] OR “”diabetes insipidus“”[MeSH Terms] OR (“”diabetes“”[All Fields] AND “”insipidus“”[All Fields]) OR
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7. Esophageal cancer
Summary of the meta-analysis conducted for GBD 2016
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8. Hemorrhagic stroke
Summary of the meta-analysis conducted for GBD 2016
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9. Hypertensive heart disease
Summary of the meta-analysis conducted for GBD 2016
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10. Interpersonal violence
Summary of the meta-analysis conducted for GBD 2016
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11. Ischaemic heart disease
Summary of the meta-analysis conducted for GBD 2016
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15. Liver cancer
Summary of the meta-analysis conducted for GBD 2016
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16. Lower respiratory infections
Summary of the meta-analysis conducted for GBD 2016
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17. Pharynx and nasopharynx cancer
Summary of the meta-analysis conducted for GBD 2016
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Summary of the meta-analysis conducted for GBD 2016
Search String:
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19. Self-harm
Summary of the meta-analysis conducted for GBD 2016
Search String:
((“”ethanol“”[MeSH Terms] OR “”alcohols“”[MeSH Terms]) AND “”self-injurious behavior“”[MeSH Terms] AND
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20. Transport injuries
Summary of the meta-analysis conducted for GBD 2016
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Summary of the meta-analysis conducted for GBD 2016
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22. Unintentional injuries
Summary of the meta-analysis conducted for GBD 2016
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VIII. Attributable burden estimation
a. TMREL
We calculated TMREL by first calculating the overall risk attributable to alcohol. We did this by 
weighting each relative risk curve by the share of overall DALYs for a given cause. We then took 
the minimum of this all-cause risk curve as the TMREL of alcohol-use. More formally,  
𝑇𝑀𝑅𝐸𝐿 = 𝑎𝑟𝑔𝑚𝑖𝑛 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑟𝑖𝑠𝑘ఠ(𝑔/𝑑𝑎𝑦) 




Where 𝜔 is the set of all causes associated with alcohol, i is a given cause from that set, DALY is 
the global DALY rate in 2010 and RR is the dose-response curve for a given cause and exposure 
level in grams per day. 
In other words, we chose TMREL as being the exposure that minimizes your risk of incurring 
burden from any given cause related to alcohol. We weight the risk for a particular cause in our 
aggregation by the proportion of DALYs due to that cause. (e.g. since more observed people die 
from IHD, we weight the risk for IHD more in the above calculation of average risk compared to, 
say, diabetes, even if both have the same relative risk for a given level of consumption). 
b. Population Attributable Fraction calculations
For all causes, we defined PAF as: 
𝑃𝐴𝐹(𝑥) =  
௉ಲା∫ ௉(௫)
భఱబ
బ  ∗ ோோ಴(௫) ௗ௫ ି ଵ
௉ಲା∫ ௉(௫)
భఱబ
బ  ∗ ோோ಴(௫) ௗ௫
𝑃(𝑥) = 𝑃஼ ∗ Γ(𝒑) 
Where 𝑃௖ is the prevalence of current drinkers, 𝑃௔ is the prevalence of abstainers, 𝑅𝑅௖(𝑥) is the 
relative risk function for current drinkers by dose, and 𝒑 are parameters for the gamma 
distribution determined by the mean and standard deviation of exposure. 
1. Motor vehicle adjustment
In the case of motor vehicle accidents, we adjusted the PAF to account for victims. Using data 
from the Fatality Analysis Reporting System in the US, we calculated the average number of 
fatalities in a car crash involving alcohol, as well as the percentage of those fatalities distributed 
by age and sex (shown in the pages that follow). 14 We aggregated FARS data across the years 1985-
2015, given there was little variation in the data temporally and the number of cases in old age 
groups had too much variance when constructing estimates by year. To adjust PAFs, we multiplied 
attributable deaths by the average number of fatalities from FARS and redistributed the PAF 
amongst each population, based on the probability of being a victim to a certain drunk driver by 
age and sex, based on the FARS data. The following equation describes this process: 
𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑃𝐴𝐹௜ =
∑ ௉஺ி೏∗஽஺௅௒೏∗஺௩௚ ி௔௧௔௟௜௧௜௘௦೏೏ ∗ ௉(௜ ௜௦ ௔ ௩௜௖௧௜௠)೏
஽஺௅௒೔
Where i is a population by location year, age, sex and d is the set of all age and sex groups within 


































































Alcohol's involvement l lDriver BAC >= 0.01 No alcohol involved
Methods Appendix Figure 2: Average number of deaths in crash 
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Sex l lFemale Male
Methods Appendix Figure 3: Percentage of total victims by 
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Sex l lFemale Male
Methods Appendix Figure 4: Percentage of total victims by 
age & sex, given the female drunk driver's age
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c. Attributable burden calculation
We calculated 1000 draws of the exposure and relative risk models. We then used the estimated 
PAF draws to calculate YLL, YLDs, and DALYs, following GBD 2016 methods. 1 
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